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define the Magnitude, Denſity, and mutual Di- 
ſtances of the Primary Planets, and other ſuch 
Things: That we may go on in Order, we muſt, 
in this Fourth Book, give the 'Theory of the Se- 
condary Planets, which go round the Primary 
ones. Altho' the Motion of every Primary Pla- 
net be ſimple enough, as being (like a projectile 
Motion) compounded of an uniform progreſſive 
Motion in a Right-line Tangent to its Orbit, 
and another Motion of Deſcent by which (as at- 


tracted) it tends towards the Sun, their immenſe }. 


Diſtance from one another rendring the Effect of 
their.mutual Action,or Gravity on each other,in- 
ſenſible; yet the Motion ofthe Secondary Pla- 


nets will be quite g fe For tho' every one 


of em tends moſtly to its reſpective Primary Pla- 
netz; yet it is urg'd towards the Sun by the ſame 
accelerating Gravity as its Primary, when at the 
ſame Diſtance ; by a leſſer Gravity, when at a 


reater Diſtance ; and by a greater Gravity, when 


at a leſs Diſtance. From this different Tendency 
to two Bodies, namely, to the Sun and to its Pri- 
mary Planet, the Motion of a Secondary Planet 
becomes very complex, and has ſuch Unequali- 
ties as the Aſtronomers hop'd to account for by 
their Hypotheſes, ſooner than the Philoſophers 
cou'd explain them from Phyſical Cauſes, till 
Sir J/aac Newton was ſo happy as to do it. 
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Of the Errors which the Sun produces in 
the Motion of a Satellite, when its Orbit 
1 exe; whe fo ite Primary Planet. 
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PRxoOPOSETION "LL 


FF a Primary Planet revolving about the Sun, car- 
ries with it a Satellite, this Satellite will be ſo 
mov'd about the Primary Planet, as to be continu- 
ally accelerated from its Quadrature with the Sun 
to its next Conjunttion or Oppoſition ; but fromthe 
Syzygy to the Quadrature it will be retarded : 
Therefore the Satellite will move ſwifter near the 

Syzygies, and ſlower near the Quadratures. 
Becauſe it has been ſhewn in Book I. that in 
theſe three Bodies, v7s. The Sun, a Primary Pla- 
net, and its Satellite, the Attractions of any two 
on the third were to one another reciprocally, as 
the Squares of the Diſtances from it; it is mani- 
feſt that the Caſe of this Propoſition is the ſame 
with that of Prop. 60. Book I. Therefore if, as 
there in Fig. 1.] Sdenotes the Sun, Ta Primary 
Planet revolving in the Orb E TE, L a Satellite 
deſcribing the Orbit BCG D round the Primary 
Planet, in which the Points B and G denote the 
Syzygies with the Sun, and C and D the Quadra- 
tures: If S K, the middle Diſtance of a Satellite 
from the Sun, be put from the accelerating Attra- 
ction of that Satellite from the Sun in that middle 
Diſtance, and L be ſuppos'd any Place of the Sa- 
tellite in its Orbit, in LS, or the ſame produc'd, 
take 5 A, which make to-S Xin a duplicate 
Ratio of SK to SL; and this S A will denote 
Aa a 2 the 
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the Attraction of the Satellite L towards S. Join 
TL; and draw 4 M parallel to it meeting & T 
in NM. It is well known that the Attraction 
S A may be reſolv'd into the Attractions 4 M 
and MS, in the Directions of theſe Lines; of 
which that, which isexpreſs'd by N S, is reduc'd 
to the Attraction MN, taking away the Attraction 
N'S, common to the Satellite and its Primary Pla- 
net; as it has been amply ſhewn inthe ſaid 60 Prop. 
of B.I. The Satellite therefore is thus acted upon 
by a triple Attraction : 'The firſt and principal is 
that by which T attracts L; the ſecond is as A M 
in the Direction A M, that is, in the Direction 
L T parallel to AM: Whence it happens, that the 
Force compounded of theſe two is alſo directed 
towards T ; and if the Body L was acted upon on- 
ly by a Force compounded of thoſe two, it wou'd 
then deſcribe Areas about T proportionable to the 
Times, by Prop. 11. B. I. But the Satellite in L 
is alſo urg'd by a third Force, which is as M N, 
and its Direction is from M towards N; that is, 
from L towards F, (ſuppoſing L parallel to 
M N;) which as it does not tend to 7, ſo nei- 
ther does the whote Force compounded of theſe 
three, (v7z. that by which L is truly urg'd,) 
tend to 7. Therefore the Satellite L will not 
deſcribe Areas about 7 proportionable to the 
Times; but this Force, which is expreſs'd by 
MN, will diſturb the Deſcription of Areas pro- 
ignable to the Times; for in C & the Qua- 

of the Semicircle CG D, it will accelerate 
the Motion of the Body L about 7, when it 
moves from C to @; but after the Conjunction 
at & in the Quadrant & D, when the Direction 
of the Right-line L F' from L to # is forward, 


the Force acting along it retards the Motion. 
When the Satellite is come to the Quadrature 


in 


Bo 


in J 
alſo 
the 
nou 
deſc 
proj 
thre 
and 
Are; 


(anc 


Tim 


A te 
and 
telli 
on 1 
the 
niſh. 
ſince 
from 
Tim 
or fr 
grea 
ally 
whe! 
Mot 


defle 


Book IV. of ASTRONOMY. 469 
in D. MN vaniſhes, (becauſe then SK, SZ, and 
alſo SA are equal) and therefore the Effect of 
the Force expreſs'd by it is nothing ; therefore 
now the Satellite L acted on by the other Forces 
deſcribes, by the Radius that carries it, Areas 
proportionable to the 'Times. But when L goes 
thro* the Quadrant DB, S Mis leſs than SN, 
and the Force diſturbing the Deſcription of the 
Area by the Radius T ,, that carries the Satellite 
(and hindring it from being proportionable to the 


Time which is as MN) has its Direction from 


M to N, or from J to F, (that is in confequentia) 
and therefore accelerates the Motion of the Sa- 
tellite in the Quadrant: But after the Oppoſiti- 
on in B, LH tends in antecedentia, and retards 
the Motion, till in the Quadrature at C, MN va- 
niſhes again, and there fore its Effect ceaſes, Again, 
ſince the Force M N hindring the Radius T I. 
from deſcribing an Area proportionable to the 
Time (whilſt the Satellite is going from C to &, 
or from D to B) is continually increas'd, and js 
greateſt in & and B, and from thence is continu- 
ally diminiſh'd till the Satellite comes to O or C, 
where this Force vaniſhes; it is plain that the 
Motion of the Satellite, fo diſturb'd, is the ſwift- 
eſt (ceteris paribus) in the Syzygies Band G, 
and ſloweſt in the Quadratures C and D. & E. D. 


PROPOSITION II. 

TH. being as before, the Orbit whith the Sa- 
tellite L deſcribes round its Primary Planet 
T, is more curve in C and D, the Quadratures 

with the Sun than in the SHꝝgygies & and B. 
For becauſe the Satellite L moves ſwifter in 
the Y 7 8 than in the Quadratures, it will lefs 
rom a Right-line (which it wou'd de- 
ſcribe by an impreſs'd Force only) in the for- 
| Aaa3 mer 
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than in the latter ; that is, the Orbit of the Sa- 
tellite is leſs curve in the Conjunction and Op- 
poſition, than in the Quadratures. But this 


greater Curvity is alſo owing to another Cauſe : . 
The Force MN (of which we ſpoke in the fore- 


going Propoſition) in the Conjunction and Op- 
poſition at & and B, is contrary to the Force by 
which the Body T attracts L, and therefore di- 
miniſhes it; whence the Body L is leſs puſh'd 


towards Tat & and B, than at Cand D; and 


therefore will leſs deflect from a Right Line in 
the firſt, than in the laſt Caſe. Therefore the 
Satellite's Way is more curve in the Quadratures 
C and D, than in the Syzygies B and G. 
. 

From what has been ſaid it follows, That the 
Satellite L (ceteris paribus) recedes farther from 
the Primary Planet 2 in the Quadratures, than 
in the Syzygies. [ig. 2.] Therefore the Orbit of 
the Satellite, about its Primary Planet, is in a Man- 


ner elliptical, having the Primary in its Center, 


the greater Axis being between the Quadratures 
with the Sun, and the leſſer between the Syzygies; 
and ſo the Orbit is more curve in the firſt, than 
in the laſt Caſe. And the Encreaſe of the Celerity 


of the Satellite, near the Syzygies, will, in this 


Orbit, be different from what it wou'd have been 
in the circular Orbit of the foregoing Propoſition, 
becauſe the Direction of the Force MN, accelera- 
ting, or retarding the Motion of the Satellite, is 

. 0 in this, from what it is in that. 
What has been ſaid here of the Figure of the 
Orbit of a Satellite, about its Primary Planet, is 
only true, if, excluding the extrinſecal Force of 
the Sun, its Orbit is concentrical with the Prima- 
ry Planet. For if it be excentrical, it may happen, 
by reaſon of that Excentricity, that the 5 
a . L ſhall 
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L ſhall be farther from the Primary Planet T, and 
ſeen from it ſhall move ſlower in the Syzygies, 
than in the Quadratures ; namely, when the Sa- 
tellite has its greateſt Apſis in its Conjunction or 
Oppoſition with the Sun. But here alſo what 
was before demonſtrated will take Place (cateris 
paribus); for even then, by reaſon of the ſaid 
Force, M N the Satellite will move faſter, and 
come nearer to its Primary Planet, than it wou'd 
have done without it. 35 125 

This aforeſaid elliptic Figure of the Orbit of 
a Satellite was obſerv'd in the Moon by that 
moſt ingenious Aſtronomer Dr. Halley, who in 
the Lear 1679, firſt of any Body, publiſh'd it in 
his Treatiſe concerning the Emendation of the 
Moon's Theory. But the Hiſtory of the Acade- 
my of Sciences. in France, publiſh'd in 1698, 
ſays, that Mr. Picard had made the ſame Obſer- 
vation long before, namely in 1668. 
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Of the Errors which the Sun produces in 
the Motion of a Satellite, when its Orbit 
Is excentric to its Primary Planet. 


F the Orb of the leſſer Body L Fig 3. ] be not a 
Circle concentric to the great Body T, but 

an Ellipſis, in one of whoſe Foci the Body T is 
plac'd, the Forces of the greateſt Body & will fo 
diſturb that Body L, that inſtead of a conſtant 


and unmov'd Ellipſis, which (by Prop. 39. B. I.) 


it ought to deſcribe, it will deſcribe an Ellipſis 
whoſe Excentricity will continually be chang d; 
and that Orbit of the Body L, fo diſturb'd, will 
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be the ſame, as if it ſnou'd deſcribe its Ellipſis, 
at the ſame Time that the Axis of the Ellipſis, 


(and the Ellipſis itſelf) is, by an angular Motion, 


carried forward or backward upon the Center of 
the Primary Planet, the Plane of the Orbit con- 
tinuing the ſame ; that is, in the aſtronomical 


Phraſe, The Motion of a Satellite, that deſcribes 
an excentric Orbit, is ſo diſturb” d by the Sun, 


that whilſt the Satellite goes thro? its Oi bit, the 
Apſes of its Orbit are ſometimes carried 72 con- 
ſequentia, and ſometimes in antecedentia. To 


prove this, the Thing mutt be farther fetch d, 


and ſome Lemma's laid down. 
PRO POSITION III. 
H OW to find the Law of the centripetal Force, 
by whoſe Action a Body may be mov'd in any 
Trajectory revolving about theCenter of the Forces, 
whilſt another Body 7s mov'd in a fi miar aud e- 
qual Trajettory, which is at reſt. . 

Let AL (Fig. 3.) be the Trajectory at reſt, 
which the Body T, tending to the Center of the 
Forces, deſcribes, going from 4, thro* L, to- 
wards P. It is requir'd to find the Law of the 
centripetal Force, tending to T, by Means of 
which, another Body ſhall be carried in the Be- 
rimeter of the Figure a/p, ſimilar and equal to 
the firſt, whilſt at the fame Time, the ſaid Fi- 
gure al p revolves about V. backwards or for- 
wards, in ſuch Manner, that whilſt the firſt Bo- 
dy goes thro any Arc, as AL, in the Orbit ALP, 
which is at reſt; the laſt ſhall deſcribe a ſimilar 
and equal Arc 41, in the xevolving Orb a J p. 

Let T1, keeping always equal to TI, move 
about the Center 7, in the Plain ALT, and al- 
ways make the Angle AT1, roportionable to 
the Angle 47 L; that is, in 1 Manner that 
this Angle ATL my" betoits Correſpondent ATT, 
as 


| / 
Book IV. of ASTRONOMY. 473 
as any other Angle AT I, to any other correſpon- 
dent one ATL. Therefore the Area, which T7 


(thus carried in an angular Motion about 79) de- 
ſcribes, will be proportional to that which TL 


| deſcribes. Let 41 FG be a Curve, which the 


Point /, mov'd, as has been ſaid, touches : Now, 
becauſe the Body, which is urg'd by a centripetal 


Force, that tends towards T, is revolv'd along 


with 7, the Area AT LA (by Prop. 11. B. I.) will 
be proportionable to the Time; but it is alſo in 
an unmoveable Plain, namely, that in which the 
Body J revolves about T ; that is, the Motion of 
the Point / is ſuch, that it is always found in the 
unmoveable Plain drawn thro' 7, and makes the 
Areas AT / A (deſcrib'd by a Radius drawn 
thro* 2) proportionable to the Times. There- 
fore (by Prop. 12. B. I.) it is manifeſt that a Body 
being acted upon by a due Quantity of centripe- 
tal Force, may revolve together with the Point /, 
in the Curve AGH, which the Point / deſcribes. 
But this Curve A/EGH is given, as being gene- 


rated by the given Line AL PA in a conſtant and 


given Manner ; therefore let the Law of the cen- 


tripetal Force, by which a Body may revolve in 


the ſaid Curve, be found (by Cor. Prop. 37. B. I.) 
Let the Angle 4 T a be made equal to the Angle 
L T1, and the Line Ta to TA; and then the An- 
gle aT 1 will be equal to the Angle ATT. Now 
let the Figure 41 T be ſimilar and equahto ALT; 
therefore the Point /, is in the Perimeter of a Fi- 
gure, ſimilar and equal to AL PA revolving a- 
bout 2. Therefore a Body carried along with /, 
and deſcribing the unmov'd Figure 41 E GH, 
deſcribes alſo the Perimeter 431 p a of an Orb 
ſimilar to AL PA, and revolving about T; ſo 
that the Arc 4 is deſcrib'd in the revolving Orb 
alpa, at the ſame Time that this Propoſition is 
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imperfect, the Arc AL, ſimilar and equal to it, is 
deſcrib d by another Body in the Orb AL PA, 
which is at reſt. Therefore the Law of the 
Centripetal Force requir d is found, QE F. 
PROTOSTLITION IV. LEMM aA. 
He Difference of theCentripetal Forces,bywhich 
© two Bodies may be equally mov'd, the one in a 
quieſcent, and the other in a revolving Orb (which 
7s ſhewn in the foregoing Propoſition) is in a tripli- 
cate Proportion of the common Altitude inverſſy. 
All Things being as laid down in the foregoing 
Prop. I ſay that the Difference of the Centripe- 


tal Forces, by which the Bodies L and I [Fig. 4.] 


arg acted upon, are reciprocally in a triplicate 
Ratio of the common Height TL or T1; or 
that the Difference of the Forces in the Points L 
and / is, to the Difference of the Forces in any 
other Points of the quieſcent and revolving 
Orbs, where the Bodies will be found at the ſame 
Moment, as the.Cube of the Height or Diſtance 
of thoſe Points from T the Center of the Forces, 
fo the Cube of the Right-line Lor / T. 

Let the very ſmall equal Arcs LB, and / l, be 
taken, which therefore will be deſcrib'd by the 
Bodies L and / in very ſmall Times. From B 


and bdraw BE, be perpendicular to TL, TI, 


which will be equal, as alſo L E and / e. In the 
Line he (produc'd towards 5, if Occaſion re- 
quire) take the Point C, fo that C e may be to 


b e, as the Angle AT /to the Angle AT L. Now 


becauſe each Motion of the Bodies in the Places 
L and / is diſtinguiſh'd into 'Two, of which One 
is along the Lines LT, /T, and the Other tranſ- 
verſe to the firſt, along Lines perpendicular to 
LT, IT; the Motions towards the Center will 


5 25 
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BT: 5 7, and therefore their ſmall Increments 
and Decrements are equal. And the tranſverſe 
Motion of the Body / will be to the tranſverſe 
Motion of the Body L, as the angular Motion 
of the Line T1 to the angular Motion of the 
Line TL ; that is, as the Angle AT/ to the | 
Angle AT L, or as Ce to be or BE. And there- 

fore in the ſame Time that the Body L, by each 
of its two Motions comes to B, the Body I will 
be found in the Place C. And this will happen 
where the Bodies Land J are equally mov'd a- 
long the Directions LT, I T; that is, when they 
are acted upon by equal Centripetal Forces: 
But when the Point D (the Place of the Body 
deſcribing the revolving Orbit) is found (by the 
foregoing Fropoſition) by taking the Angle /T D 
in that ſaid conſtant Ratio to /T B (vg. the Ra- 
tio of the Angle 47 L to ATL) and the Right- 
line T Diequal to T h or T B, (the Figure a 1 p 
and the Line / T being in this Caſe put for the 
Figure ALP and JA in the other ;) the Diffe- 
rence of the Centripetal Forces of the Body in L 
or I, and that of the Body in P, is as its Effect CD; 
namely, the Interval of the Places thro' which 
the Body, carry'd in the revolving Orb, muſt by 
the Action of the Orb be transferr'd in that given 
Space of a very ſmall Time. Therefore we muſt 
3 this CD, or the Difference of Centri- 
petal Forces equal to it (by which the Body is 
urg'd in the quieſcent Orb, and by which it is 
urg'd in the revolving Orb, in that Situation of 
a moveable Orbit, and 25 Diſtance T } of the 
Body from the. Center) with the like Difference 
in the other Caſe, where the ſame, or a like 
Conſtruction is ſuppos'd as here, and the ſame 
'Things are likewiſe ſuppos'd to have been done: 
namely, let a Circle cutting Te. in z, Ce in , 


and 
| 
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and CD in & be drawn with the Diſtance Ti, or 
7D, round the Center 2; and let the new Tri- 
angle Ih be ſuch, that its Area may be ſwept 
thro* by the Radius 2%, in the ſame Time that 
this Area 1b T is gone thro' by this Radius Tb : 
Whence (foraſmuch as in equal Triangles the Baſes 
are reciprocally proportionable to their Heights) 
this Line 25 is to the other eb as anotherT /to this 
, that is, e h is reciprocally as theCorreſpondent 
T1; wherefore alſo Ce (always having the ſame 
Ratio to be) will be reciprocally as 77: Therefore 
CF'the Aggregate of em, and the Interval ch will 
be reciprocally proportional to the ſame 27; and 
therefore the Rectangle under them, vr ⁊. CX C b 
is rciprocally proportionable to the Square of 
the ſaid J. Wherefore (by Prop. 35. or 36. El. 3.) 


Therefore C D. in this Caſe, is to the analogous 
CD, in any other Caſe, directly as this F'C x C þ 
to that other FCN C5, and reciprocally as this 
Line CG to any other CG at the fame Time. 
But it has been ſhewn above, that FCxC% is 
reciprocally as the Square of the Right, Line T /; 
and CG is as DG its nearly Equal, or as its Half 
T D, or 2 %, or TI, very little different from it: 
Therefore CD, in this Situation of a revolving 
Orbit is to C D produc'd in the ſame Manner in 
any other Situation of the ſame Orbit (that is, 


the Difference of the centripetal AL by 


which one Body in a quieſcent Orbit, Ind ano- 
ther Body in the ſame Orbit revolving,f may be 
equally mov'd in the Height TL, or ZI, is to the 
like Difference of Forces in any other Height) 
reciprocally, as the Square of the firſt Height, to 
the Square of the laſt, and, reciprocally, as the 


firſt Height to the laſt Height at the ſame Time; 
that 
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that is, reciprocally, as the Cube of the firſt 
Height, to the Cube of the laſt Height ; that is, 
(ſpeaking in ſhort of one Height, or Altitude, 


when we are to be underſtood of two taken to- 


gether) the ſaid Difference of centripetal Forces 
is in a triplicate Ratio of the common Height 
inverſly. 2, E. D. 4 ee 3; | 
COROLLART 1, | 

A Body moving from its upper, to its lower 
Apſis, in an Orb revolving in conſequentia, is 
urg'd by a greater centripetal Force, than if its 
Orb was at reſt. For becauſe (in the foregoing 
Figure) in that Caſe the Angle AT is greater 
than 4, eC alſo will be greater than ; as 
being in the ſame Ratio as the foregoing Angle, 
therefore the Point C is out of the Periphery of 
the Circle BY D. But the Body, mov'd in the 
revolving Orbit, is found in the Point D; and it 
has been above ſhewn, if the Body / be mov'd 


with a centripetal Force equal to L, that it will 


come to the Point C; therefore it will not be ſo 
much urg'd towards the Center T. [Fig. F. 
Again, the like will happen if (Things being 
as before) the revolving Orb be mov'd i ante- 
cedentia with a greater Celerity, than the Double 
of that Celerity, in which the Line TL is mov'd 
in conſequentia, as in Fig. 1. Becauſe, in this 
Caſe, aTAis more than twice greater than AT L, 
or aT1; AT! will be greater than AT L: There- 
fore (as before) e C will be greater than e, and 


the Point C will be without the Circle 2 DB; 


and, for the ſame Reaſon as before, the centri- 
petal Force of the Body, moving in the revolving 
Orbit 4 /p, is even now greater than the centri- 


petal Force of the Body, moving in the quieſcent 


Orb AL. | 
But 
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haut if this Orb 21 p goes back with a Celerity 
leſs than twice that, by which the Line T L goes 


forwards as in Fig. 3. the Body I, deſcending to- 


wards its lower Apſis, will be urg'd by a leſs Cen- 
tripetal Force than L in the quieſcent Orb. For 
becauſe the Angle AT a is not the Double of AT'L 
oraTl; AT will be leſs than a T /, (that is, 
AT L) and therefore e c leſs than e ; and for 
that Reaſon the Point C, to which / wou'd come, 


if it was urg'd with the ſame Centripetal Force 


as L, will be within the Circumference of the 
Circle BVD. But a Body, moving in a revol- 
ving Orb, has been before ſhewn to be found in 
the Point D, more remote from the Center than 
C is; therefore the Body /, deſcribing the Orb 
a I p, is urg'd with a leſs Centripetal Force, than 
the Body IL, which is carried in the quieſcent 
Orb ALP. And all Things happen contrary to 
a Body aſcending from its lower, to its upper 
Apſis ; and ſo on every Time. 
„ HRT 2 

Hence alſo the Difference of the Centripetal 
Forces ina moveable and unmoveable Orbit (as in 
Band , Fig. 6.) is to the Centripetal Force, by 
which a Body may be mov'd in a Circular Motion 
from Nto B (in the ſame Time that the Body L 
in the unmoveable Orbit deſcribes the Arc L B) 
as RCxChtoeb , For the ſaid Forces are as 
their Effects CD and Hb, produc'd in the ſame 
{mall Portion of Time; but the naſcent Line H b 
is equal to ze, and C D has been ſhewn equal to 

RCxCb 
G 


CXC : 
Fe and ne, that is, as RC Xx CU, and 


CG xXx ιEẽ. But the Right-line CG differs little 
from the Right- line Me, and (by Prop. 35. El. 3.) 


: Wherefore the ſaid Forces are as 


the 
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the Rectangle under Me and e 7: is equal to the 


Square of e: Therefore the ſaid Centripetal 
Forces are as R Cx C, and eh d. Now if the 


known Quantities Fand G are taken in that 
Ratio to one another, as the Angle AT L has to 
AI, that is of he to Ce; CR will be as 
AE, and Cas GF: Therefore the Difference 


of the Centripetal Forces, by which Bodies are 
urg' d in a movable and unmovable Orbit in B and 
b, is to the Centripetal Force by which a Body 
may be mov'd in a Circular Motion from N to B, 
in the ſame Time as L deſcribes the Arc L B, as 
G+FxG—F'to Fa; tha tis, as & 4 -F a to F'4. 
| LE M M A. 
FE a Body tending to a Focus or Center T, de- 
ſcribes the Elipſis AB P, whoſe Apſes are A and 
P; the Centripetal Force, by which the Body is 
ured in the Apſis A, is to the Centripetal Force of 
another Body revolving in the Circle A EH, at the 
ſame Diſtance T A, with the fame Velocity, as 
the Diameter of the Circle to the latus rectum 
of the Ellipfis. [Fig. J.] AP | 
Thro' A draw the Right-line AC perpendicu- 
lar to AT, which will touch the Circle as well as 
the Ellipſis. Thro' the Point & very near A, 
draw & E towards T, cutting the Circle in E 
and the Ellipſis in B. Becauſe the naſcent Arcs 
AB, AE, are very nearly equal, Bodies, ſetting out 
together with equal Velocities from 4, will come 
at the ſame Time to B and E; and their Centripe- 
tal Forces are as their Effects & B, & E, produc'd 
in the ſame ſmall Time. Beſides, from the Nature 
of the Circle, E19=ATx TH, or A Ix Diam. 


And by the Nature of the Ellipſis, B Dato the 


latus rectum x A D (for the Defect, or Quantity, 
by which BD 9 is leſs than that Rectangle, va- 
niſhes in this Caſe as ſoon as BD is naſcent ; ) 

but 


= 
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but the ſmall naſcent Lines EI and Þ D are e- 
qual: Therefore 4 I x Dian. of the Circle = 
AD x latus rectum of the Ellipſis: I herefore 
AD is to AI, or GB to GE, or the centripetal 
Force in the Ellipſis to the centripetal Force in 


the Circle, as the Diameter of the Circle to the 


latus rectum of the Ellipſis. &. E. D. 
PRO POSITION V. LEMMA. 


Ptbe Orb ALP be an Elipſis, whoſe latus re- 


ctum is 2 R, having its Focus at T, its upper 


Apfis at A, and lower at P; and there be another 
Ellipſis al p, equal and fimilar to it, revolving in 
the Manner aforeſaid, round the Focus T, and the 
given Quantities, & and P, have the [ame Ratio 
as the Angles AT] and ATL; if the Height of 
the revolving Body, or the Diſtance from the Cen- 
ter be A: The centripetal Force, by which the 
Body may revolve in the moveable Ellipfis will be, 
hy £4: Ru RAE 

A9 A cub: 
ry, when ſuch a centripetal Force acts on a Body, 
it will be carried in a moveable Fllipfis. 

Since the Force, by which the Body can re- 
volve in the unmoveable Ellipſis A L P, is (by 
Prop. 39. B. I.) reciprocally, as the Square of the 
Diſtance from the Center, or of the Height 4; 


; and, on the contra- 


let that Force be expreſs'd by 7 , and the Force 


5 FO EY F'9 . np 
in the Apſis A will be Ta But the Force by 


_ which the Body may at the Diſtance TA, revolve 
in a Circle with the Velocity, that the Body re- 


volving in an Ellipſis has in 4, is (by the fore- 
going Lemma) to the Force by which the Body 


revolving in an Ellipſis, is acted upon in A, as 
the half Jatus rectum of the Ellipſis to the Semi- 
| diameter 
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Diameter of the Circle, or as R to AT; there- 


* 2 ; 
AT cub. Now becauſe (by Co- 


vYol.2. Prop. q.) the Difference of the Forces in the 


Points A and 4 is to the aforeſaid Force in the 


. "Ie" . 8 
G (v hich is equal to IT cub. 64 — F 2 
Fa: that Difference of Forces will be equal to 


Rx & q Rx 1, | | : f 
8 And (by Prop. 4.) the Difference 


of the Forces in any other Points of the ſame 
_ Height (namely, where the Height A is unde- 


termin'd) is to the Difference of the Forces in 
the Apſis 4 (where the Height is TA) as the 
Cube of TA to Acub.; therefore in any Height 


its Value will be ETSY 
A cub. 


: x | 
to the Force = by which a Body may be re- 


volv'd in an unmoveable Ellipſis AL P, be added 


R x G1 — 9. | 
the ſaid Difference — the whole 
A cub. 
1 mu £3 , RxC1—Ra#1- 
eee Force will be r 
by which a Body may, in the moveable Ellipſis 
41 p be revolv'd in the ſame Time. Q, E. D. 


COROLLART 7. | 
Hence, if to the centripetal Force, (which is 
in a duplicate reciprocal Ratio of the Diſtance 


If therefore 


. from the Center, by which a Body revolves in 


an unmov'd Ellipſis) be ſuperadded to any other 
Force which is reciprocally as the Cube of the 


| Diſtance; the Body will deſcribe an Ellipſis whoſe 


Apſes are carried in conſequentia. For, becauſe 
| B b b | the 


ü — 


. 
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1 : | 4 RGA RX FA, 
the Difference, which is as 5 


is in this Caſe poſitive, & will exceed L ; that is, 
the Angle AT / does exceed the Angle AT L; 


whence (by Corol. 1. Prop. 4.) the Apſes are either 
carried, in conſequentia, or in antecedentia, with 


a Celerity greater than twice that by which the 
Body L is carried, in conſeguentia, in the unmove- 


able Orb; but becauſe this laſt does not happen 


in any of the cœleſtial Bodies, we abſtract from it 


in this Caſe. But, if from the Force (which is, re- 
ciprocally, in a duplicate Ratio of the Diſtance) 
be taken the Force which is reciprocally in a 
triplicate Ratio of it, the Remainder will be the 
Force, by whoſe Action a Body will deſcribe an 


Ellipſis whoſe Apſes go backward ; for the Diffe- 


RxGC1—Rx4#94.. ; 
i cab is in this 


Caſe negative; and therefore & is leſs than F, 
or the Angle 4 T than AT “U. 


rence of the Forces 


COROLLARY 2. [Fig.IX.] 


Hence it follows alſo, that if in an Otb 
which differs very little from a Circle, the cen- 
tripetal Force, as you recede from the Center, 
decreaſes more (or becomes leſs) than in a du- 
plicate Ratio of the Diſtance encreaſed ; the 
Apſes of the Orb will be mov'd, in conſequentia. 
For, let the unmoveable Ellipſis 47. P be the Orb 
deſcrib'd by a Body, which is urg'd by a Force 
tending to the Center , whoſe upper Apſis A 
is twice as far diſtant from the Center T as 
the lower P; not that ſuch an Orb comes near 
to a Circle, but we put this Proportion only by 
Way of Example, and to make the Caſe plainer. 


Let us ſuppoſe the centripetal Force by which 


1 0 the 


fions t 
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the Body P is urg'd, to conſiſt of 400 Parts, and 
the Force by which it is urg'd in A will be 100, 
and ſo proportionably in the intermediate Pla- 
ces; that is, that Force, by whoſe Action the 
Body wou'd deſcribe the unmovable Ellipſis 
AL, is in a duplicate reciprocal Ratio of the 
Diſtance from the Center. Now if beſides this 
Force, the Body in P is urg'd by another Force, 
which is for Ex. as 64, and in A by a Force which 
is as 8, and proportionably in the intermediate 
Places; namely, if that ſuperadded Force be 
inverſly as the Cube of the Diſtance from the 
Center; in that Caſe (by the foregoing Corol.) 
the Apſes will be carried in conſequentia. But the 
whole Force in P, or that made up of the Two, 
is as 464, and the Force in A as 108, and pro- 
portionably in the intermediate Places ; that is, 
as you recede from the Center the centripetal 
Force decreaſes faſter than in a Duplicate Ratio 
of the Diſtance encreas'd; for if it was only 
diminiſh'd in that duplicate Ratio of the Di- 
ſtance, the Force in 4 wou'd be as 116. And 
tho? it be requir'd that a new Force, ſuperadded 
to that Firſt, which is inverſly as the Square of 
the Diſtance, be every where preciſely as the 
Cube of the ſaid Diſtance inverſly, that an Ellip- 
tic Orbit may be tevolv'd, in conſequentia, about 
the Center of the Forces: yet if this Ellipſis dif- 
fers but little from a Circle, and ſuch a Force whol- 
ly acts upon the Body, as in receding from the 
Center is diminiſh'd more than the Square of the 
Diſtance from the Center is increas'd ; the Apſes 


of ſuch an Orb will be mov'd, i conſeguentia. 
For becauſe in an Orb that is almoſt circular, 


the Diſtances from the Center differ but very 
little; that Force, (the adding of which occa- 
ſions the whole Force by which the Body is urg'd 

B b b 2 to 
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to be diminiſh'd more than the Square of the 
Diſtance from the Center is encreas'd) is dimi- 
niſtfd in a Ratio, which differs not much from 
a triplicate inverſe Ratio of the Diſtance. 

It follows alſo, that if, in an Orb nearly circu- 
lar, the centripetal Force decreaſes leſs than in a 
duplicate Ratio of the Diſtance encreas'd, (that 
is, be greater than in the ſaid Ratio) the Apſes 


of the Orb muſt move / antecedeutia. For the 


fame Force remaining in P and A, by which a 
Body deſcribes an unmoveable Ellipfis, if from 
it you take away a Force reciprocally propor- 
tionable to the Cube of the Diſtance from the 
Center; that is, if from the Force in P you 
take a Force that is as 64, and from the Force in 
A a Force as 8, and after the ſame Manner in 
the intermediate Places ; there will every where 
remain a Force, which (by the foregoing Corol.) 
will make a Body deſcribe an Ellipfis whoſe Apſes 
are mov'd in antecedentia, But the Force re- 
maining in P is as 336, and the Force remaining 
in A as 92, and after the ſame Manner in the 
intermediate Places ; therefore, as you recede 
from the Center, the centripetal Force, is leſs 
diminiſh'd (or is greater) than in a duplicate 
Ratio of the Diſtance encreas'd : For the Force 
diminiſh'd in a duplicate Ratio of the ſaid Di- 


ſtance, wou'd in A conſiſt of 84 Parts. Whence, 


by the Reaſons before given, if a Body in an 
Orb nearly circular be urg'd by a Force, which, 
as you recede from the Center, is diminiſh'd leſs 
than in a duplicate Ratio of the Diſtance en- 
creas.'d ; the Apſes of the Orb will be carried iz 


antecedentia. Which alſo appears by Coro. x. | | 


Prop. 4. 
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PRO POSITION VI. LEMMA. 


1 N Elliptic Orbits, nearly circular, to determine 
the Motion of the Apſes, from the given Law of 
the centripetal Force; and, on the contrary, fron 
e given Motion of the Apſes, to find the Law of 
the centripetal Force, ſuppoſing the centripetal 
Force to be as ſome Power of the Altitude. 
If from any given Law of centripetal Force 
the Motion of the Apſes be requir'd, the Pro- 
blem will be ſolv'd by making the Orb, which a 
Body, revolving in a moveable Ellipſis, deſcribes in 
an unmov d Plane, to come near the Figure of the 
Orb, whoſe Apſes are requir'd, and finding the 


Apſes of an Orb ſo deſcrib'd. Now the Orbs 


come neareſt to that Figure, when the centripetal 
Forces, by which they are deſcrib'd, are propor- 
tional at equal Diſtances from the Center. 

Let the Point 4 (in any of the foregoing Fi- 
gures) be the upper Apſis, 7 the Center of the 
Forces. Let AT, the greateſt Height, be call'd 
T, and any other undeterminate Altitude A, and 
their Difference X. Then the Force by which 
the Body is urg'd in an Ellipſis, which revolves 
about its Focus T, is, (by what foregoes) es ＋ 


44 
R x G = R x #4 5 Ax Fa+R x Gq-R xF9 
ö r 


| "uy A Cub, g 
and laſtly, if inſtead of A you ſubſtitute T—X, 
as x£q=Xx F393 +RxE3=R x #3 2 
ACM © Fo 
the Value of the centripetal Force, whoſe Law is 
given, be reduc'd to a ſimilar Fraction ; that is 
ſuch a one whoſe Denominator is the ſame, 4 Cub. 
and the Numerators (by comparing the homo- 
Bbb 3 logous 


em 
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logous Terms) are to be taken analogous ; from 
the Compariſon of which will be made out the 
Ratio of & to F, or the requir'd Motion of the 
Apſes. Let the Law of the centripetal Force be 
given, as, for Example, let it be as a Power of 
the Diſtance from the Center, whoſe Exponent 
3 
p is given, or as AP, that is as — Inſtead 
of p + 3 given, put 2, and inſtead of 4 in the 


Numerator T—X ; and the centripetal Force will 


be as . Let T— AX, the Numerator of 


this Fraction, be reduc'd to an infinite Series, 


namely, to T n- x T 2-1 X+1x— x T n=2 


X : -c. Let the Terms of this Numerator be 
compar'd with the Terms of the foregoing Nu- 
merator,v7z. TFA -A FN +Rx@1—Rx#9; 
that is, the given ee with the given, and 
the not given (or thoſe in which the undetermin'd 
Quantity A is found) with the not given; and 
Tx4H1+RxXG1—Rx#1 will be to Thnas—#9IxX 


N—TI 
to * T K EAN. xT"-2 A 2, Sc. that 


= L any 
15, a8 Fatto — AN Tai + 4 OOTY xT"=2X.E&9c, 
\ 2 P 


And becauſe the Ellipſis in queſtion is nearly Cir- 


cular, in which half the Latus tranſverſum, and 


half the Latus rectum, or T and R, are equal, and 
all the Altitudes or Diſtances from the Center are 
nearly the ſame, therefore X, in reſpect of them, 
is almoſt equal to nothing ; that is, the Terms 
affected by that vaniſhing ; whence, by the mutual 
Deſtruction of the Terms, and the Neglect of 


thoſe that vaniſh, the firſt Analogy will be chang'd 


into this, Rx C dis to Tas is to uxT? 7 ; 


ang 
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and ſtill putting 7 in the Room of R in the firſt 
Term, and 7x &1will be to Tnas Fato #7 x T7; 


therefore Ed will be to Tn as Fd to 7x Tui; 


and again, G Ato Fdas Tu tog Tu 1; that 
is, as 1 to : Therefore & will be to # (that is, 


the Angle 47 to the Angle A 7 L) as 1 to Y. 


Wherefore, ſince the Angle, which the Body in 
the unmoveable Ellipſis deſcribes, in its Deſcent 
from the upper to the lower Apſis, is equal to two 
Right Angles; the Angle, which the Body (that 
is urg'd by a centripetal Force proportional to a 
Power of the Altitude, whoſe Exponent is p or 


942—3) moving in an Orbit nearly circular, de- 


ſcribes in its Deſcent from the upper to the 

lower Apſis, will be equal to two Right Angles ; 
the Angle, which a Body, (which is acted upon 
by a centripetal Force proportional to a Power 
of the Altitude whoſe Exponent is p or #—3) de- 
ſcending from its upper to its lower Apſis, in 
an Orbit nearly circular, deſcribes, will be to two 
Right Anglesas 1 to /; and ſo in 7 


deg. 
tical Phraſe equal to —_ And awequal An- 


gle being repeated, a Bady will return from its 
lower to its upper Apſis ; and ſo on continually. 


And, an the contrary, if the centripetal 


Force be as any Power of the Height, that Power 
may be found from the Motion of the Apſes ; 


iz. if the angular Motion, by which a Body 


deſcends from the upper to the lower Apſis, 
or the whole angular Motion by which a Body 
receding from an Apſis returns to it, be to the 
angular Motion of. a whole Revolution (or 
to 360 deg.) as Unity is to the Number /A; 
then the centripetal Force will be as a Pows 
er of the . co whoſe Exponent is #—3 . 
For, if the centripetal Force be as 4"-3, by 

| Eo. the 


* 1 * 
1 — 
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the firſt Part of this Propoſition, there will be the 
ſaid Ratio between the angular Motions, or be- 
tween & and F; and therefore this Law of the 
.centripetal Force will depend upon that Propor- 
tion, between G and F. Whence the centripe- 
tal Force requir'd is found. &. E. F. 3 
Zz; ¾ EED 
We will give ſome Examples of this Propoſiti- 
on in ſome of the moſt remarkable Caſes. The 
Angle is requir'd, which a Body makes in its 
7 from its upper to its lower Apſis, in an 
Orb nearly circular, whilſt it is urg'd by an uni- 
form centripetal Force, or a Force which is the 
ſame in all Altitudes. Becauſe in this Caſe the 
centripetal Force is conſtant, either as 4*, or as 
4, nis=3, and J =; and ſo the Angle 
deſcrib'd by a Body moving from its upper to its 
lower Apſis, is - _ or 103 deg. 55', and that 
Angle being again deſcrib'd, it returns to the 
upper Apſis, the Apſides moving ſwiftly in an- 
tecedentia. But if the centripetal Force be as 
the Altitude itſelf, or 4, that is, as 443; x 
will be=4, and the Angle between the upper 
180 deg; by 


and the lower Apſis 


or 90 deg. therefore 


the Apſides of ſuch an Orbit are carried in an. 
tecedentia, with the fame angular Celerity, as 
the Body — the Orb, is carried in con- 
ſequentia. Likewiſe, if the centripetal Force be 
as A — inverſly, or as y nn or as A; n will 
be = and / =; therefore the Angle be- 
tween the upper and the lower Apſis, which is 
leg. e le * 

— „ „ 1s 360 deg. that is, a Body which 
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is urg'd by ſuch a Force, as it recedes from its 


upper Apſis, and then continually deſcends, will 
come to its lower Apſis when it has made one 
whole Revolution; then by a conſtant Aſcent, 
as it goes thro” another whole Revolution, it 
will return to the upper Apſis, and ſo on con- 


Suppoſe, on the Contrary, that the Motion 


J | of the Apſes is given, and the Law of the cen- 
tripetal Force be requir'd : for Example, let the 


Law of that'centripetal Force be requir'd by 
which that Body is acted upon, which in one 
Revolution and a half, by an alternate Deſcent 
and Aſcent, from the upper Apſis, returns again 
to the upper Apſis. Becauſe in this Caſe, the 
angular Motion, by which a Body deſcends from 
the upper Apſis to the lower, is 270 Deg. the 
fourth Proportional to 270 Deg. 180 Deg. and 1, 
or / u, will be equal to ;, and therefore 2 = 2: 


and ſo (by the ſecond Part of this Propoſition) 


the centripetal Force is as A; that is reci- 
procally as 4 —g or . Again, let the Law 
of that centripetal Force be requir'd, by which 
that Body is acted upon; which, from the upper 
Apſis, to the upper Apſis again, makes 363 Deg. 
that is, which is carried in an Orbit almoſt 
circular, whoſe upper Apſis, every Revolution 
of the Body goes thro' three Degrees in conſe- 
quentia. Becauſe the whole angular Motion, by 
which a Body receding from the upper Apſis, 
goes back to it again, is to the angular Motion 
of 360 Deg. as 363 to 360; /, or the fourth 
Proportional to 363, 360 and 1 will be 82; 
therefore 72 will be 222585: and the centripetal 
Force as A +;#332 — 35 or as A — 545332 ; that is, 
inverſly as Ar, or inverſly as A 222. There- 
fore the centripetal Force, by which a Bady is 

urg d, 


= 
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urg d, that deſcribes an Orbit, whoſe Apſes, in 
one Revolution of the Body, are mov'd 3 deg. 
in conſequentia, as the Body recedes from the 
Center, decreaſes in a Ratio ſomething greater 
than the Duplicate, but 60 Times nearer to a 
Duplicate than a Triplicate. 


COROLLARY 


Hence it is plain, that if the centripetal 8 
Force, by which the Body is 'urg'd in its Ap- | 
proach to the Center, encreaſes in a Triplicate, 


or a leſs Ratio of the Altitude diminiſh'd, the 
Body, if it begins to deſcend, will never come 
to the lower Apſis, but deſcend quite to the 
Center; but if, from the Apſis, it aſcends 
ever ſo little, it will never come to the upper 


Apſis, but continue to aſcend in infinitum. For 


becauſe the centripetal Force is reciprocally as 
A, that is as A=, that is p=— 3; 1 (=p+3) 
will be =o, and Jun o; and the Angle, by the 


Deſcription of which, a Body will go from the- 


upper to the lower, or from the lower to the 
5 „„ 
upper Apſis, will be equal to ==> Of be in- 


finite: Therefore it will never come to the other 
Apſis, but, after innumerable Revolutions, it 
will either deſcend to the Center, or aſcend in 


inſinitum. But if the Force, in the Receſs of the 


Body from the Center, decreaſes in a Ratio of the 
Diſtance greater than Triplicate, 7 will be a ne- 

ative I and /n will be a Thing impoſ- 
ible ; whence the Truth of the Propoſition is 
plain. And, on the contrary, it appears, that. 
if a Body aſcending and deſcending, alternately, 
from Apſis to Apſis, never comes to the Center; 
the Force, as you recede from the Center, will 
either be encreas'd or diminiſh'd in a leſs Ratio 


of 
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of the Height than a triplicate one: And, by 
| how much leſs the Angle is, which is deſcrib'd 
by the Body, whilſt it goes from Apſis to Apſis, 
by ſo much more will that Ratio of the Forces 
differ from a triplicate reciprocal Ratio. 
PROPOSITION VII. LEMMa. 
12 elliptical Orbits, which are nearly circular, 

to determine the Motion of the Apſes from the 


2 given Lau of the centripetal Force, ſuppoſing the 


centripetal Force to be as the Sum or Difference 
of any two Powers of the Altitudes. f 
Things being as before, let n, Hand C be any 
given Quantities, of which m is the Exponent 
of the Power, and alſo ꝝ, as in the foregoing 
Prop. and let the given Law of the centripetal 
Force be ſuch, that it may be every where as 


— 7 ; or elſe putting 71 & inſtead of 4, 
ee | Wt n 
as bx 2 —.— = . Reducing this Va- 


lue to an infinite Series, the centripetal Force will 


5 be as b T- To- X, e- * — 


CT- c- X+Cnx M To: „ 


— — 


| | WY 74 : 

We muſt lay down, as analogous, this Value 
of the centripetal Force, and the Value, 
before found, of that Force which makes a 
Body move in a moveable Ellipſis, Ec. 


Tx FA Xx F1+-Rx@1—Rx#4 : 
” LIE EO ——; that is, 


when theſe Values have hitherto the ſame De- 
nominator, the given Part of one Numerator is 
to have the ſame Ratio to its Part not given, as 
the given Part of the other Numerator, to its 
1 A | Part 


Þ 


492 TheELEMENTs Book IV. 


Part not given; that is, Rx 4—RxF1 4-T« #4 
muſt be to — Fax A, as T + CT". is to — 


bxm TX bxmx X -C 


* X+Cxnx x7 X", Ge. And as 


the Orbits are ſuppos'd almoſt circular, Tand R 
will be equal. Beſides, by applying the Con- 
ſequents to — X, and neglecting the Terms af- 


feed with X, as being very ſmall, (becauſe & is 


infinitely little) Tx E&9 will be to Fd as þ Tn 
+ Cu to mn * TT" CX Zn. Or, to 
make it more ſimple, that all the Powers of T 
may become equal, let 7 be put for Unity; 
then EJ will be to #1 as þ + Ctobm + Cu. 
And for that Reaſon & to F, or (as in the Fig. of 
Prop. 4.) the Angle AT tothe Angle ATL as 
a b + Cto J 772 * EC 77, OY AS I to TE. 
And therefore when the Angle, between the up- 
per and lower Apſis, in an immovable Ellipſis be- 
comes equal to two Right ones; the Angle which 
the Body (by a centripetal Force, proportional 
to 22 <<) deſcribes in its Deſcent from 


its upper to its lower Apſis, or contrary Aſcent, 


5 e 
18 to two Right Angles 3 as 1 to v e 3 


and, in an Arithmetical Phraſe, that Angle is 


— — — 


0 : 

* 122 x 180 deg. If the centripetal Force 

be as the Difference of Two Powers of the 
Amn - (CA ; 

_ ) putting 

— C, in the Room of + C, in the Value already 


found, the Angle between the upper and lower 
Apis, 


Altitude, (namely, as 


22 " 
<- - N 3 / 
* 3.0 39 2 
ow LES Re 
ak "Nt N bh. | o G 
2 2 Fs n * 4 
F x 
Ate 8 I 
p MAILS ES. 


Book IV. of ASTRONOMY. 493 


Apſis, of a moveable Orbit nearly circular, is 


— — — 


6 2 „% gr 5 
equal to / - . 180˙. The ſame Way will 


| the Problem be ſolv'd in more difficult Caſes. 


SCHOLL | 

If a Body acted on, by a centripetal Force, 
which is, reciprocally, as the Square of the Alti- 
tude, be revolv'd in an Ellipſis, that has its Fo- 
cus in the Center of immoveable Forces, and to 
this centripetal Force be added, or from it be 
taken any other Force, whoſe Law and Quan. - 
tity is given; the Motion of the Apſis, ariſing 
from that given Force, will be determin'd by 


a 33 1 
this Propoſition, ig. if from the. Force _ 
be taken an extrinſecal Force, which is as the 
Altitude or Diſtance from the Center, namely, 


as CA; the remaining Force, by which the Body 


is urg'd, will be 5 where 6 =1, M=1, 


2 = 4: Therefore the Angle of the Revolution, 


1L—C 


between the Apſes, is / . 180˙.. For Ex. 
— 1 


Let the extrinſecal Force, which is taken away, 


be 357,45 Times leſs than the primary Force, 
by which the Body is revolv'd in an Ellipſis; 
which, to make it eaſy, we have call'd 1; and 


C will be = — or and} xo 
3311443 351,44) 0 35745 

andt —4C= 22, and o 
35745 140 35345 


=1,008487754, and e =1,004234- And 


therefore / _—_ 180 deg. or the Angle be- 


tween the Apfis, in a moveable Orbit, will be 
1,004234 x 180 deg. or 180 deg. 76228, that is, 
r 80 deg. 
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180? 45 44”. Therefore the Motion of the 
Apſes is found in one half Revolution, or whilſt 
the Body deſcends from the upper to the lower 
Apſis, viz. 45 44 in conſequentia, and ſo much 
does the Body go forward, when it aſcends from 
the lower to the upper Apſis; that is, each Re- 
volution of the Body the Apſis is carried in con- 
ſequentia 1 31 28", | : 

And, on the contrary, if the Angle between 
the Apſes be given, you may find what Ratio the 
extrinſecal Force (whoſe Law is given) has to 
that Force, by which a Body wou'd be mov'd in 
an immoveable Ellipſis; as ſuppoſe, if a Body 
return'd from the upper Apſis to the upper Apſis 
again, makes, by its angular Motion, an Angle 
of 315 the Apſis at the ſame Time moving 45? 
in antecedentia, and the Ratio of that ſuperadded 
Force (which is as the Altitude) to the Primary 
Force, by which a Body wou'd move in an un- 
mov'd Ellipfis, be requir d. For, becauſe, by 
this Propoſition it has been demonſtrated, that the 
Angle between the upper and the lower Apſis, is 


b +C1 6 | 

/ Pale x 180% or that the Angle between 

the upper, and the upper Apſis, is / 65 

* 360˙J that is (in the preſent Caſe, where the 
8 + C 

f the Altit Ke 

uperadded Force is as the Altitude) \/ 1440 

X 36˙V therefore 315* wil be = / sse. 


And, by reſolving this Fquation, its Value C 
will be found 1. But as this primary Force, 
by which a Body wou'd move in an immoveable 
Ellipſis, be ſuppos'd 1; this Force will be to the 
added Force (which is as the Altitude, and 

| makes 
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Prop. 


makes the Apſes go back ſo ſwiftly) as 44 


to 5. | 

5 NWO 
From the foregoing Scholium, and the 2d 
Corollary of Prop. 5. it follows, that if from a 
Force, which is in a duplicate Ratio of the Alti- 
tude inverſly, be ſubtracted a Force which is 


5. 


directly as the Altitude, there will be left a 
Force, which, as you recede from the Center, 
= decreaſes more (or is leſs) than in a duplicate 
ZZ Ratio of the Altitude encreas'd, or a Force 
ZZ which, as you approach to the Center, encreaſes 
more (or is greater) than in a duplicate Ratio 
= of the Altitude diminiſh'd ; for as well in that 
= Caſe as in this, the Apſes of the Orb go forward, 
and for that Reaſon the two Caſes become the 
= ſame. And it appears by the ſame Reaſoning, 
that if to a Force, which is in a Duplicate reci- 
procal Ratio of the Diſtance from the Center, 
be added an extrinſecal Force, which is directly 
as the ſaid Diſtance, the Sum of em will be a 
Force, which, as you recede from the Center, 
X decreaſes leſs (or is greater) than in a duplicate 
Ratio of the Diſtance encreas'd, or (what is the 
= ſame) which, as you come towards the Center, 
X encreaſes leſs (or is leſs) than in a duplicate 
Ratio of the Diſtance diminiſh'd. But theſe 
X alſo are an immediate Conſequence of Cor. I. 
Prop. 4; 


PR o- 
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PRO POST TIGN VIII. 


* a Secondary Planet Ldeſcribe an Elliptic Ora 
bit, whoſe Focus is T, about the Primary Pla- 
net T; its greater Axis, or Line of the Apſes, by 
its angular Motion, goes forward twice, and back- 
ward twice, every Revolution of the Satellite L; 
that is, it goes forward twice, when L is in the 
Sy yo ies & and B, but it goes back, when L is in 
Cand D the Quadratures with the Sun. | Fig. 10.]. 
Let 5 denote the Sun, J a Primary Planet, 
moving in the Orbit DC, from D towards C, 
about the Sun, L a Secondary Planet, deſcribing 
an Elliptic Orbit, about the Focus T, from C to 
& towards D. Nov, becauſe in theſe Three 
Bodies, the accelerating Attractions of any Two, 
on the Third, are, (by what has been ſhewn in 
Book I.) to one another, reciprocally, in a dupli- 
cate Ratio of the Diſtances from it ; this brings 
us to the Caſe of the firſt Propoſition of this Book 
(whoſe Conſtruction we here ſuppoſe) in which 
it is ſhewn, that the Satellite L is urg'd by a 
double accelerating Force, the one from L to T, 
and the other from L to s And as the firſt 
Force from L to J, ariſing from the mutual At- 
traction of the Bodjes L and T, is reciprocally 
proportional to 3 of the Diſtance (by 
Corol. 2. Prop. 51. Book I.) the Body I will, by 
that Force alone, deſcribe an Ellipſis, which has 
its Focus in 2. But, becauſe the laſt Force, by 
which L is ated upon, and which is directed 
from L to &, (and is, by what has been before 
ſhewn in Prop. 1. as the Right-line AS) is reſolv'd 
into I wo Forces, one of which is as A M, and the 
other as MS, which is always reduc'd to MN, 
as has been ſhewn, and in the direction of theſe 
Right-lines; of which that which is as A M, 
tho 
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tho? it has the ſame Direction with the firſt, by 
which T draws L, yet it does not obſerve the 


ſame Law; neither is 4 M reciprocally as the 
Square of the Right Line L T, which is the Di- 


ſtance of the Body L from T, but almoſt direct- 
= ly as LT; for as L Tencreaſes, things remain- 


ing as before, 4 M encreaſes almoſt in the ſame 
Ratio; for & L, by reaſon of the Diſtance of 
the Body &, is almoſt parallel to & T z] the Force 
= by which L when it is in the Quadrature C and 
Dis urg'd toward T, being „ of two 
[namely, that firſt by which T draws L, and 
which is inverſly as the Square of the Diſtance 
L T, and that which being as A M, is almoit 
directly as the very Diſtance L T, for the 
third Force M N in that Caſe is nothing] 
is not the Square of the Diſtance inverſly, but 
as you recede from 7, decreaſes in a leſs Ratio 
than a duplicate of the Diſtance encreaſed : 
When therefore to the Force, which is recipro- 
cally robin to the Square of the Diſtance 
from the Center or Altitude, namely, that by 
which L draws T, an extrinſecal Force, which 
is as the Altirude itſelf, is added, there will (by 
Cor. of the foregoing Prop.) be compounded a 
Force by whoſe Action the Body deſcribes an 
| Ellipfis, whoſe Apſes are mov'd i antecedentia. 
Therefore when the Satellite is in the Quadra- 
tures, the Apſes of the Elliptic Orbit go backward. 
But if the Satellite L (Fig. XI.) be in E the 
Conjunction, or B the Oppoſition with the Sun 
S, where the Force 4 M vaniſhes ; beſides the 
Force by which T draws L ; and which is re- 
| ciprocally as the Square of the Altitude T L ; 
the Body L will be urg'd by the Force M N, 
tending from M to N, which isnot as the Square 
of the Altitude 7 L inverſly ; but encreafing as 
GCE: the 
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the ſaid Altitude encreaſes, and almoſt as T L 
itſelf directly. Therefore when from a Force 
reciprocally proportional to the Square of the 
Altitude, by which T draws L, is taken away 
an extrinſecal Force (viz. a Force ariſing from 
the Sun's Action) which is almoſt as the Alti- 
tude itſelf ; there will (by the Corollary of the 
foregoing Propoſition) be left a Force by whoſe 
Action a Body is carried in an Ellipſis, whoſe 
Apſes are mov'd in conſequentia, Therefore 


when a Secondary Planet is in the Syzygies with - 


the Sun, the Apſes of the Elliptic Orbit deſcrib'd 
by it go forward. oe 
Put when the Place of the Satellite is between 
the Syzygies and the Quadratures with the Sun, 
the Motion of the Apſes depends upon the two 
foremention'd Cauſes jointly ; namely, upon an 
extrinſecal additional Force, as AM, and an abla- 
tive one as M N; in ſuch Manner that the Apſes, 
according to the Exceſs of the one or the other, 
go forward or backward: Therefore in each Revo- 
lution of the Satellite L about T, the Apſes by 
Turns go forward twice, and backward twice. 


PROPOSITION IX. LEMMA. 

IN Fig. XI. he Force MN in the Syzygies 1s 
almoſt twice greater than the Force A M in 

the Qnadratures. | 
In the Syzygies, & M is to & N, in a Duplicate 
Ratio of SN to L: but the Diſtance of the 
Points N and T, when compar'd with S T the Di- 
ſtance of a Planet from the Sun, vaniſhes, there- 
fore & T is equal to SN; and ſo SM is to 
S T in a Duplicate Ratio of S Tto S L: But 


Quantities Arithmetically proportional as & B, 


S'T, SE, Ec. when their Interval BT or TG 
is very little in reſpect of any one of em as SG, 
| are 


ward, 
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"bb; are alſo as it were Geometrically Proportional, 


rce and contrariwiſe ; wherefore if you ſuppoſe BM 
the (in the firſt Z7g. XI.) and @ M (in the ſecond 
ray Fig. XI.) equal to T B, you will find that (in the 
om. firſt Fig. XI.) MS, B, T, and L S, and (in 
JIti- the ſecond Fig. XI.) MS, G, TS, L, will 
the be nearly in a continued Geometrical Proportion: 
1oſe Therefore in each Fignre MS, is to 7 & in a 
1oſe Duplicate Ratio of TS to LS. But MT is 
fore (by Conſtruction) twice greater than T'B, which 
with (by what foregoes) is equal to A M in the Qua- 
ib'd dratures; and M N is almoſt equal to MT. 
| Therefore MN in the Syzygies, is nearly twice 
veen greater than A M in the Quadratures. &, E. D. 
Sun, 6 
two PRO POSITION X. 
n an | I N every Reddlution of any Satellite the Apſes 
abla- for the moſ? part go forward more than they go 
ples, backward, and by the Exceſs of their going for- 
ther, Ward, are carried in conſequentia. 
Nevo- For the Force M N in the Syzygies, which 
es by being taken away from the Force with which 
ire. T draws L, is the Cauſe that the Apſes go for- 
ward, is (by the foregoing Lemma) nearly twice 
greater than the Force A M in the Quadratures, 
gies is by whoſe Addition to the ſaid Force, by which 
M in T draws L, the Apſes go backward: And there- 
fore the Exceſs in one whole Revolution of the 
plicate Satellite will be within the Power of M N, and 
of the will transfer the Apſes in conſequentia. O. E. 
the Di-. . 
there- Theſe will happen ſo commonly, and cæteris 
is to aribus : But there are particular Caſes, Cas will 
But be ſhewn in the next Prop.) in which, in one 
as S B, Revolution of the Satellite about its Primary 
or T Planet, the Apſes go backward more than they 
as S , o forward. | | 


ee 2 PR C- 


taken away from the Force by which the Primary 
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+ PrRoposITION XI, 
N one Revolution of the Satellite L about T, 
the Progreſs of the Apſes exceeds their Regreſs, 
when they are in the Syzygies with the Sun, more 
than if they were farther from it: But the Re- 
greſs of the Apſes exceeds their Progreſs in ne 
Revolution of the Satellite, when the Apſes are in AD 
the Quadratures with the Sun : Tet they go for- 
yard more and ſwifter in their Syzygies, but they 
Nane, teſs and ſlower in the Quadratures ; and by 
the Exceſs of the Progreſs above the Regreſs, in 
one Revolution of the Apſes about the Sun, are 
carried in conſequentia, [Fig. XI. and XII. 
Fecauſe (by Cor. 2. Prop. 5.) the Progreſs or 
Regreſs of the Apſes depends upon the Centripe- 
tal Force of the Satellite towards its Primary Pla- 
net, which decreaſes more or leſs than ina Dupli- 
cate Ratio of theencreas'd Diſtance as you recede 
from the Center, or inthe Paſſage from the lower 


to the upper Apſis, as alſo upon a contrary In- mary 


Carrie 


crement as you go towards the Center, or return. | 

to the lower Apis ; it is plain that the Progreſs Ne 

or Regreſs is the preateſt, when the Ratio be- the ( 

tween the Forces in the Apſes differs very much extrit 

from an inverſe Duplicate Ratio of the Diſtan- tellite 
ces. Suppoſe the Situation of the Orbit of a Prim: 

Satellite in reſpect to the Sun, to be ſuch, that mots 


its Apſes may be in the Syzygies with the Sun: A 
Therefore the extrinſecal Force MN, which ur- (Ag. 


ges the Satellite when it is in the Syzygies, being — 
n 


Planet draws the Satellite, leaves a Force in the More! 


Sarellite at B, whoſe Ratio to the Force like- Diſtan 
wiſe left in the Satellite at &, differs more from Quadr 
'a Duplicate Patio of the Diſtances inverſly, and 2 
than if the Apſes were not in the Syzygies; be- nd 


cauſe the Ratio between the Diſtances T B, TG, | 
| is 


But v 
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is more unequal, or differs more from the Ratio 
= of Equality, than the Ratio between any other 
= two. in this Orbit: Therefore the Progreſs of 
the Apſes in this Caſe is the greateſt. But when 


= a Satellite is come to C, the extrinſecal Force 
AA being added to the Force by which T draws 
the Satellite, does not ſo much make it recede 


from a Duplicate inverſe Ratio of the Diſtances 
in the Paſlage from C to D; becauſe the Diſtan- 
ces TC, T D become equal: Therefore the Ef- 
fect of this added Force is leſs ; that is, the Ap- 
ſes of the Orb go back leſs in this Caſe. There- 
fore, becauſe when the Apſes are in the Syzy- 
gies, they go forward very ſwiftly when the 
Satellite goes thro* the Syzygies, and go back 
very ſlowly when the Satellite is in the Qua- 
dratures with the Sun; it is plain, that in one 
whole Revolution of the Satellite about the Pri- 
mary Planet, the Apſes in this Caſe will be 
carried, in conſequentia, very ſwiftly. 

Now let the Apſes of the Satellite's Orb be in 
the 8 in which Caſe, the foreſaid 
extrinſecal Force AM, which acts upon the Sa- 
tellite in the Quadrature C, being added to the 
Primary Force by which T draws the Satellite, 


W makes up a Force compounded of both, 0 


which the Satellite, when at C, tends towards 7; 
(Hg. XII.) whoſe Ratio to a Force compounded 


* after the ſame Manner, by which a Satellite, 


when at D, is urg'd towards the ſaid T, recedes 
more from a Duplicate reciprocal Ratio of - the 
Diſtances, than if the Apſes were not in the 
Quadratures ; becauſe the Ratio between 7 C 
and T D is more unequal than the Ratio between 
any other two of this Orbit; therefore the Re- 
greſs of the Apſes is the greateſt in this Caſe. 
But when the Satellite is come to & or B, the 

eee „„ 
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extrinſecal Force M N now urging the Satellite, 


being taken from the Force by which T draws 


the Satellite, does not ſo much make it recede 
from a Duplicate inverſe Ratio of the Diſtances, 
whilſt the Planet goes from E to B, and ſo e 


contra. Becauſe the Diſtances T E, T B, be- 


come equal; whence the Effect of this ablative 
Force is leſs in making the Apſes go forward; 
that is, the Apſes of the Orb go forward ſlower. 


Therefore, from theſe two Cauſes, when the 


Orb is ſituated as here, in reſpect to the Sun, 
the Apſes of the Orb of a Satellite (whilſt it 
makes one entire Revolution about its Primary 
Planet) are carried bac ware.. 


Beſides, if the Motion of the Apſes of the 


Satellite about 2, and the Motion of the Pri- 


mary Planet Tabout the Sun & be ſuch, that the 


Apſes of the Satellite's Orbit are nearly in the 
ſame Aſpect with the Sun for a conſiderable Time, 
or whilſt the Satellite itſelf changes all its A- 
ſpects with the Sun often; by reaſon of the 
Length of Time in which the Velocity of the 
Progreſs and the Slowneſs of the Regreſs of the 
Apſes are continu'd, namely, when the Apſes 
ſtick about the Sun's Syzygies, they will go for- 
ward remarkably enough : and likewiſe, by rea- 
ſon of the Length of Time that the Apſes of the 
Satellite ſtick near the Sun's Quadratures, and 
conſequently by which the Velocity of the Re- 
greſs and the Slowneſs of the Progreſs are con- 
tinu'd, they will recede ſenſibly enough. 
But becauſe the extrinſecal ablative Force 
MN, that cauſes the Progreſs of the Apſes, 
has in Prop. 9. been ſhewn to be almoſt twice 
greater than the Force A M, which makes them 
go back ; and beſides, the Apſes ſtick longer in 
the Syzygies than in the Quadratures, becauſe 
| eur 
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being there carried in conſequentia, they go for- 
ward with the Sun, but here being carried 27 
antecedentia, they quickly paſs thro' the Sun's 

aadrature, which is carried 77 antecedentia ; it 
is plain that the Apſes go forward faſter, and 
for a longer Time in their Syzygies, and go back 
ſlower and not ſo long in their Quadratures ; 
and, by the Exceſs of the Progreſs above the Re- 
greſs, in one whole Revolution of the Apſes to 
the Sun (that is, whilſt the Apſes ſeen from Z 
go thro* the Aſpects with the Sun) they are car- 
ried in conſequentia. 

All that has been ſaid will almoſt happen the 
ſame Way, tho' the Species of the Secondary 
Orbit don't preciſely continue the ſame, if ſo 
be that the Change of the Excentricity is not 
too great. 


PROPBOSTITION XII. 


FF. a Satellite moves about its Primary Planet 
7n an excentric Orbit, the Excentricity of it 
Will be twice chang” d in every Revolution : And in 
one Revolution of the Satellite it will be the 
greateſt, when the Satellite is in the SyZygies with 
the Sun; but the leaſt, when in the Quadratures : 
And in the Paſſage of the Satellite from the Qua- 
draturestothe Syxygies, it is perpetuallyencreas'd, 
and,on the Contrary, inits Paſſage from the Syzy- 


gies to theQuadratures, it is perpetually dimiuiſbd. 


For if 'the Body which did deſcribe a given 
Ellipſis, (namely, by being acted upon by a 
Centripetal Force, which, tending to one of 
the Foci or to the Center, is reciprocally pro- 
portional to the Square of the Diſtance from it) 
inits Deſcent from the upper to the lower Apſis, 
be urg'd by a Centripetal' Force, which is en- 


creas'd more than in a Duplicate Ratio of the 


GC C4 dimi- 
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diminiſh'd Altitude or Diſtance fromthe Center ; 
it is manifeſt, that a Body, thus urg'd towards 
the Center, wou'd be more ſtrongly puſh'd to- 
wards it, than if (as before) it was urg'd by a 
Force encreaſing only in a Duplicate Ratio of 
the diminiſh'd Diſtance ; therefore it wou'd de- 
ſcribe an Orb falling within the Elliptic Orbit be- 
fore deſcrib'd (except in the upper Apis) and in 
the lower Apſis, it wou'd come nearer to the 
Center than before; that is, it wou'd deſcribe 
an Orb more excentric than the forementioned 


Orb, or ſuch an one in which the Diſtance of a a 


Body in the upper Apſis has a greater Ratio to 
its Diſtance in the lower Apſis, than in the for- 
mer Orb: Now if the Force, in the Aſcent of 
the Body from the lower Apſis, ſhou'd decreaſe 
with the ſame Degrees by which it increas'd in the 
Deſcent ; the Body wou'd return to the former Di- 
ſtance. But if the Centripetal Force ſhou'd de- 
creaſe more than in the ſame Ratio, the Body then 
being leſs attracted, will aſcend to a greater Di- 
ſtance, and deſcribe an Orb, whoſe Excentri- 
city is yet greater. Likewiſe, if a Body in its 
Deſcent from the upper to the lower Apſis be 
urg'd by a Force, which is increas'd leſs than in 
a Duplicate Ratio of the diminiſh'd Diſtance ; 
it is plain that the Body will deſcribe an Orb 
falling within the Elliptic Orb before deſcrib'd, 
(when the Force was reciprocally as the Square 
of the Diſtance) except in the upper Apſis, from 
whence it did ſet out, that is, leſs excentric ; 
and that that Excentricity will yet be diminiſh'd, 
if in the Aſcent of the Body the Centripetal 
Force decreaſes leſs, or ſlower than before. 

Let the Satellite L in the former Figures and 
in Fig. XIV. be ſuppos'd near the Quadrature in 
C, in which Caſe the Force M N vaniſhes, and 

- beſides 


"FD 
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beſides the Force by which the Primary Planet T 


draws the Satellite L, which is reciprocally as the 


W Square of the Diſtance, the Satellite will be 
urg'd by a Force as A M, which is as the Di- 

WE ſtance L T directly. And the Force made up of 
RE theſe (by Cor. Prop. 7.) as you recede from the 
Center, decreaſes leſs than in a Duplicate Ra- 
tio of the encreas'd Diſtance, and, as you go to 
the Center, encreaſes leſs than in a Duplicate 
Ratio of 


the diminiſh'd Diſtance : 'Therefore if 
the Body, during one whole Revolution, is im- 
pel'd by this Force towards the Center, it 
wou'd deſcribe an Orb leſs excentric than if that 
extrinſecal Force A M was taken away, and it 
was urg'd only by the Force with which T draws 


L, which is inverſly as the Square of the Di- 


{ ſtance; and therefore, in that Part of the Re- 


volution, where it is impell'd by that Force, it 
deſcribes a Part of an Orbit leſs excentric, than 
if the ſaid Force A M was away. 

If the Satellite be in the Syzygies, as in B or 
G, when the Force A M vaniſhes, the Force 
MN is taken away from the Force by which T 


' draws L; that is, a Force which is as the Di- 


ſtance is taken away from a Force reciprocally 
proportional to the Square of the Diſtance ; 
therefore the remaining Force by which. the 
Satellite is now urg'd (by Cor. Prop. 7.) as you 
approach to the Center, encreaſes more than 
in a Ratio of the diminiſh'd Diſtance, and de- 
creaſes in the ſame Manner as you recede from 
the Center ; and beſides, by what has been 
ſhewn, if the Satellite, during one whole Re- 
volution, was impell'd towards the Center by 
that remaining Force, it wou'd deſcribe an Orb 
more excentric than that which it wou'd de- 
ſcribe, if it was urg'd only by the attracting 

Force 
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Force of the Body ; and therefore much more 
excentric than that it wou'd deſcribe, if it was 
urg'd by that Centripetal Force which acted upon 
it when it was in the Quadrature at C: Whence 
in that Part of its Revolution when the extrin- 
ſecal Force M N is the greateſt (that is, in the 
Syzygies) the Satellite deſcribes a Part of an Or- 
bit more excentric than when it is in the Qua- 
dratures ; or, in other Words, the Excentricity 


of an Orb deſcrib'd by a Satellite, is greater when 


the Satellite is in the Syzygies, and leſs when 
it is in the N re 1 

Beſides, becauſe the extrinſecal additional 
Force A M is greateſt of all, and the Force MN 
is leaſt, or none at all, when the Satellite is in 
the Quadratures, the Force made up of that and 
of the Force by which T draws L, is (cateris pa- 
ribns) greateſt, and very much differs from a Du- 
plicate reciprocal Ratio of the Diſtances ; there- 
fore in that Caſe, the Part of the Orb which is 
deſcrib'd, will belong to an Orb very little ex- 
centric. When the Satellite is gone from C to- 
wards B, the extrinſecal ablative Force MN en- 
creaſes alſo, and therefore exerts its Effects more 
and more ; that is, makes the Satellite deſcribe 
Part of an Orbit belonging to a more excentric 
one : wherefore as a Satellite goes from the 
Quadratures to the Syzygies, its Orbit becomes 
more and more excentric, till the Satellite being 
come tothe Oppoſition or Conjunction with the 
Sun, the Orb becomes moſt excentric of all, the 
ablative Force M N then acting alone, and be- 
ing greateſt and moſt direct. But afterward, as 
the Satellite goes towards the Quadrature, the 
Excentricity begins again to diminiſh, becaufe 
the Force A M, which diminiſhes it is encreas'd. 


Therefore the Excentricity of the Orb, as the 
Satel- 


if 


5 
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W lite goes from the Quadratures to the Syzygies, 


is continually encreas'd ; and as it goes from 


1 the Syzygies to the Quadratures, is continually | 
diminiſfed : And therefore is the greateſt (cœte- 


ris paribus) in the Syzygies, and the leaſt in the 


2817 a 
Quadratures. 
id i 3 y 5 - 4 


3 PRO POSITION XIII. | 

1 FA E [ame Things being laid down as in the 
= foregoing Prop. I ſay, that if ſeveral Revo- 
IJutions of the Satellite be compar'd together, the 
 Excentricity of the Orbit of the Satellite is 
greateſt, when its Apſes are in the Syzygies ; and. 
from thence it is continually diminiſb d when the 
Apſes paſs from the Syzygies to the Quadratures 
with the Sun, where it becomes the leaſt ; but 
when the Apſes go from the Quadratures to the 
Syzygies, the Excentricity continually encreaſes. 
Tzhis is prov'd theſame Way as the laſt Propo- 
ſition but one. For (by Cor. Prop. 7.) the Forces 
of the Satellite in the Quadratures, encreaſe or 
decreaſe leſs than in a duplicate Ratio of the 
diminiſh'd or encreas'd Diſtance : Wherefore if 
the Apſes of an Orb are in the br om the 
ſaid Ratio of the whole Encreaſe or Decreaſe is 
the leaſt in the Paſſage between the Apſes. 
Likewiſe, the Forces of a Satellite in the Syzy- 
gies increaſe or decreaſe more than in a dupli- 
cate Ratio of the diminiſh'd or encreas'd Di- 
ſtance ; and therefore if the Apſes of the Orbit 
happen to be in the Syzygies, the {aid Ratio of 
the whole Encreaſe or Decreaſe of the Forces is 
greateſt of all between the Apſes; that is, the 
Ratio of the whole Encreaſe or Decreaſe of 
Forces is leaſt when the Apſes are in the Qua- 
dratures, and greateſt when they are in the Sy- 


zygies; 
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zygies; and therefore it continually encreaſes 
in every Revolution of the Satellite about the 
Primary Planet, whilſt the Apſes go from the 

uadratures to the Syzygies, and continually 
diminiſhes whilſt they go from the Syzygies 
to the Quadratures. But it has been ſhewn by 


the foregoing Prop. that if in each Revolution | ; 


of a Satellite, the Ratio of the Encreaſe or 
Decreaſe of the Centripetal Force be aug- 
mented, the Excentricity of the Orb will like- 
wiſe be augmented ; and on the Contrary, the 
Excentricity will be diminiſh'd, if that Ratio 


decreaſes: And therefore whilſt the Apſes paſs 


from the Quadratures to the Syzygies, the Ex- 


centricity of the Orb continually encreaſes, and, 


in their Paſſage from the Syzygies to the Qua- 
dratures, perpetually diminiſhes ; therefore the 
greateſt Excentricity of the Orb is when the 
Apſes are in the Syzygies, and the leaſt when 


they they are in the Quadratures. And by rea- 


ſon of the Length of the 'Time that the Apſes 
ſtick near the Quadratures or the Syzygies, the 
Encreaſeor Decreaſe ofthe Excentricity becomes 
very ſenſible, and the Inequality between the 


Excentricity in one Caſe, and the Excentricity 
in the other, is the greateſt of all. & E. D. 
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| SECTION III. 
Of the Errors which the Sun produces in 
the Motion of a Satellite, when the Plane 
„ the Orbit deſtrib'd by it is inclin d to 
the Plane of the Orbit of a Primary 


Planet deſtrib'd about the Sun. 


N the firſt Book, we have generally treated 
1 of the Errors of a Satellite in Latitude, vis. 
in the 61ſt Prop. and more particularly after- 
wards in the 64th Prop. when we ſhew'd the Reaſon 
of the Preceſſion of the Equinoctitial Points a- 


| rifing from the ſame Cauſe. Yet we'll take the 


Liberty to transfer ſome of thoſe Things hither, 
as to their proper Place, and explain other Things 
more particular concerning theſe Errors. 


ProPoSITION XIV. 

I Fa Satellite revolves about a Primary Planet, 
in an Orb whoſe Plane is incliu'd to the Plane 

of the Primary Orbit of the Planet about the Sun, 


the Line of the Nodes will move by an angular 


Motion in antecedentia, with an unequal Velocity; 
the greateſt being when the Nodes are in the 
Quadratures with the Sun, and afterwards it will 


move ſlower, till the Nodes being in the Syzygies, 


it is altogether at reſi, In the Places that are be- 
tweenthe Quadratures and the Syxygies, the Nodes 
participating of both Conditions recede ſlower ; 
therefore being always either Retrograde or Stati- 
onary in every Revolution of a Satellite about the 
Primary Planet, they are carried in anteceden- 
tia; and in the ſame Revolution of a Satellite 
they go back faſter, ceteris paribus, when the Sa- 
tellite is in the Syzygies. Let 
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Let & (as often before) denote the Sun; 
(Fig. XIV.) ET E the Orbit of a Primary Pla- 
net ; and CB D & the Orbit of a Secondary 

Planet L about the Primary One: Let the right 
Lines S L, S , be drawn, and if there be Oc= 
caſion, let em be produc'd, and in them be taken 
the Points K, A, M, N, and let A M be drawn. 
It is plain from Prop. 60. Book I. that all the Er- 
rors of the Satellite L ariſe from the Forces of 
it that are as A M, MN, being in the Direction 
of thoſe right Lines. Now the Force acting on 
L, according to the Direction of the right Line 
A M (that is, according to the right Line LT). 
does not diſturb the Motion of L in Latitude, 
when L T is in the Plane of the Orb CB DG. A- 
gain, if the Direction of another Force, as M N, 
lies alſo in the Plane of the Orb CB DC (that is, 
if a right Line, drawn thro' L and parallel to 
MN, lies in a Plane parallel to C BD) neither 
vWwill it then diſturb the Motion of the Satellite in 
Latitude. But MNor ST, when it is in the Plane 
of the Orb SET, will alſo be in the Plane C B D 
E, if it be the common Interſection of thoſe two 
Planes, namely, of the Orbits of the Primary and 
Secondary Planets ; that is, if the Nodes be in the 
Syzygies. Therefore the Nodes being in the Sy- 
zygies, there will ariſe no Error of the Motion 
in Latitude, neither from the Force A MN, nor 
from the Force M N, which are the only Forces 
that diſturb the Motion of a Satellite ; there- 
fore there will be no Error in Latitude. Whence 
the Line of Nodes, and the Nodes alſo in this 
Caſe are at reſt, when their Motion is an Error 
ariſing from ſome diſturbing Force. 

But when the Nodes of the Orbit CB D 
[Hg. XV.] are in the Quadratures C and D, the 
Force MN moſt of all diſturbs the Satellite's 

ps i Motion 
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Motion in Latitude; becauſe in this Cafe, the 
ine MN (and L F drawn thro' L parallel to it, 
* along which the Force M1 N of the Satellite L 
exerts itſelf) is moſt of all inclin'd to the Plane 
Jof the Orbit C B D G, viz. as much as the Planes 
of the Orbs ST E and CBDG are inclin'd to one 
another. In this Caſe, let us ſuppoſe one Part of 
the Plane CB D &, viz. CCD, to be rais'd a- 
WT bove the Plane of this Scheme (which agrees 
W with the Plane of the Primary Orbit STE) and 
the other CB D to be depreſs'd below it: And 
let the Orbit CY D g, be ſuppos'd equal, ſimilar, 
and alike poſited, in reſpect of the Center 2, 
to the Orb CBD G: Therefore in this Caſe, as 
ſoon as the Satellite L paſſes the Node C, that 
it may come to the Conjunction with the Sun 
in G, the Force M N, in the Direction. of the 
right Line MN or its Parallel L F, which acts 
from L towards F, draws it from the Orbit C 
G D, which otherwiſe it wou'd deſcribe, and 
receding continually towards & from the Plane 
CGD to the next Node, it does not now paſs 
thro? the Plane ST E or C g in the Point D, 
(thro* which it wou'd paſs, if that Force was a- 
way) but a little on this Side of it in reſpect to 
the Sun &; that is, the Node of an Orbit de- 
ſcrib'd by a Satellite (when urg'd by the Force 
MN) is nearer to the Sun than the Point D, in 
which it was found in the foregoing Revolution 
of the Satellite. - 
Likewiſe, whilſt the Satellite goes from the 

Node V, to its Oppoſition with the Sun in B, 
the Force MN acting in the Direction MN 
| from M towards N, or from L towards # makes 
the Satellite L continually recede from the Orbit 
D BC, and deſcribe an Orbit leſs inclin'd to the 
Plane SET, or DEC. And ſince this this Force on 
the 
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the Satellite L exerts itſelf till it vaniſhes, name- 
ly, when the Satellite is come to the net ts 
in C, it alſo makes the Orbit truly de 
the Satellite ſooner to interſect the Plane Cg 
than the Orbit DB CG, or a little nearer to 5 


than the Point C, and there makes the Node of 


the Orbit of a Satellite with that of its Primary 


Planet. And the ſame will agam happen when q | $3 


the Satellite goes the ſecond 'Time thro'the ſame 
Circle CG D; namely, the Node or Point in 


which the Satellite goes thro Cg D, is in ante- 


cedentia in reſpect of the Point in which it had 
gone thro'it the Time before, and ſo on; that is, 
this Force M N forces the Satellite to deſcribe 
an Orbit, whoſe Nodes go in antecedentia at eve- 
ry Revolution of L about 7; but the Nodes go 
backward the faſteſt of all when they are in the 
adratures C and D, becauſe (as it has been be- 
fore ſhewn) the right Line M N or LF accord- 
ing to which the Force M N acts, which cauſes 
the Regreſs of the Nodes, is moſt of all at right 
Angles or perpendicular in that Caſe to the 
Orbit CG DB. | 
Beſides, what is aſſerted of the Situation of 
the Nodes between the Quadratures and Syzy- 
gies, is ſelf evident, becauſe the right Line MN 
is in that Caſe more oblique to the Plane CBDG@, 
and therefore has not ſo much Power to diſturb 
the Satellite from it. And ſince the Regreſs of 
the Nodes depends upon the Force M N, that 
Regreſs is (cxteris paribus) greateſt, when that 
Force is greateſt, that is, when that Force is 
in the Syzygies, &: E. D. 55 
If the Inclination of the Orb of a Satellite to 
the Plane of the Orb of the Primary Planet about 
the Sun be chang'd, the Motion of the Nodes is 


not ſenſibly chang'd, unleſs the Change ofthe In- 


clination be too great ; for the Force that gives 
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Motion to the Nodes is not much chang'd in 
that Caſe. | 


PRO POSITION XV. 


4 TA E ſame Things being laid down, J ſay, that 
= Satelite to the Plane of the Orb in which the Pri- 
mary Planet revolves about the Sun, is contiuu- 


the Intlination of the Plane of the Orb of a 


ally chang'd, and is the greateſt when the Nodes 


5 | are in the Syzygies with the Sun ; and the leaſt 
| (c#teris paribus) when they are in the Quadra 


tures : And beſides, that in this Caſe, the ſaid 


| Inclination is diminiſh'd whilſt the Satellite paſ= 


ſes from the Quadratures to the Syzygies, and that 


| it is again augmented, whilſt the Satellite paſſes 


From the Syzygies to the Quadratures. I hence it 
happens, that when the Satellite is in the Syzy- 
gies, the Inclination of the Planes is the leaſt, aud 
returns nearly to the former Quantity when the 
Satellite is come to the next Node. I ſay more- 
over, that when the Nodes paſs from the Syzy- 
gies to the Quadratures, that Inclination of the 
Planes diminiſhes, and becomes leafs of all (cæte- 
tis paribus) when the Nodes are in the Quadra- 
tures ; and then that it encreaſes by the ſame De- 
grees that it decreas'd before ; and the Nodes he- 


ing again return'd to the Syzygies, it returns to 


the firſt Magnitude. | 
Tho? all the Parts of this Propoſition follow 


eaſily enough from the 61ſt Prop. B. 1. yet we 


ſhall in this Place explain them more fully, and 


| demonſtrate each of them by a particular Scheme. 


Fitſt, let the Nodes of the. Satellite L [Fig. 


XVI.] be in the Syzygies with the Sun F; that 
is, let the Line of the Nodes produc'd pals 


thro' the Sun; in which Caſe the fight Line MN 
(which has been demonſtrated in Prop. 61. B. 1. 
D d d | to 


Place I to the Flace /, deſcribes an Orbit, whoſe 
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to ſhew by its Poſition the Direction, and by 


its Magnitude the Quantity of that Force, 
which only affects the Motion of a Satellite in 
Latitude) is in the Plane of the Orbit of the Sa- 
tellite L : And therefore howſoever it diſturbs 
the Motion cf the Satellite in the ſaid Plane, it 
does not impel it to any Motion out of the ſaid 
Plane BCG; that is, it does not at all affect 
the Motion of the Satellite in Latitude, but 


leaves the Satellite undiſturb'd as to its Motion 


in Latitude, to deſcribe his Orbit about its pro- 
per Frimary Planet. And as that diſturbing 
Force M N by its Nature always diminiſhes the 
Inclination of the Orb of the Satellite to the 
Orb cf the Frimary Planet, and never encreaſes 
it but by Accident, upon Account of its making 
the Nodes to go zn antecedentia ; it is plain, 
that the Inclination of the ſaid Orbs is greateſt 
of all, when the Nodes are in the Syzygies. 
Now ſuppoſing the Nodes to be in the Qua- 


drature with the Sun, as ſoon as the Satellite has 
paſs'd the Node C or D, being impell'd by the- 


Force M N, and according to the Direction L, 
from L to J, it is continually drawn from the 
Plane of the Orbit CG D (which, without 
this, it wou'd deſcribe) and deſcribes an Orbit, 


whoſe Plane is leſs inclin'd to the Plane of the 


Orbit of the Primary Planet Cg Db. That this 


may appear the plainer, let & T repreſent (in 


Fig. XVII. the Eye being ſuppos'd in the Line 
of the Nodes) the Flane of the Primary Flanet's 
Orbit about the Sun, T L the Plane of the Se- 
condary one, inclin'd to the Flane & T by the 
Angle L T'S, or the Complement of it to two 
right Ones, 'The Satellite at L drawn by the 
Force M N from L towards , that is, from the 


Flane 
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Plane T / is inclin'd by a leſs Angle / T, to ST 
the Plane of the Orbit of the Primary Planet a- 
bout the Sun. And this Change of the Inclin:- 
W tion of the Orb of a Satellite, to the Orb of the 
Primary Planet, is (cæteris paribus) by ſo much 
greater as the Force MN which produces it is 
greater: But the Force MMN is greater the 
RE nearer the Satellite is to the Syzygies & and B. 
Therefore the Nodes ſticking at the Sun's Qua- 
We dratures, the Inclination of the Orb of the Sa- 
We tellite is the leaſt, when the Satellite is in the 
WW Syzygies. Again, becauſe the right Line MN 
and its Parallel L #' (viz. the Direction of the 
Force which diſturbs and diminiſhes the Inclina- 
tion) is nearer to a Perpendicular to the Plane 
of the Orbit of the Satellite, when the Nodes 
are in the Quadratures, than in any other Situ- 
ation of the Nodes; in that Caſe, the Change 
of the Inclination will be the greateſt, there- 
fore the Inclination of the Planes will be the 
leaſt : For the nearer the Angle FL T comes to 
a right One, the greater Angle does the little 
right Line LI (of a given Length) ſubtend. 
'T herefore the Inclination of the Orbit of a Sa- 
tellite, to the Orbit of its Primary Flanet, will 
be leaſt of all, when the Nodes are in the Qua- 
| dratures, and the Satellite, at the ſame 'Time, 
inthe Syzygies. | 
| Moreover, let S (Fig. XVIII. the Eye be- 
ing ſuppos'd in the Line of the Nodes produc'd, 
as before) repreſent the Plane of the Orbit of the 
Primary Planet J revolving about the Sun; & 
B the Flane of the Orbit of a Satellite, whilit it 
is inclin'd to the former Orb by this {mall Angle, 
(viz. G Tg, or BTb) which happens (as has 
been ſhewn) when the Satellite in the Syzygies 
with the Sun, is ſeen from Z. And ſince it has 
D d d 2 been 
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been ſhewn, in the foregoing Prop. that the Nodes 
of the Orbit of a Satellite go in antecedentia, the 


Orbit which the Satellite, going from E, (when 
ſeen from 7, it was in Conjunction with the 


Sun) deſcribes, will meet with S'T Bon this Side 


FT. in reſpect of the Sun, and will be the Line G 
4; and the Orbit which it deſcribes going from 
B, where it was in Oppoſition with the Sun, viz. 
the Line B 4, will meet with the Plane ST 5 
at J, viz. beyond 2, in reſpect of the Sun. 
Now it is plain, that the Line Ed or B/ con- 
tains a greater Angle with $ T at d and 4, 
than that which GT or BT contains with the 
fame Plane S Th; viz. one about equal to that 
which the Orbit of the Satellite contain'd with 
the Plane ST b, when the Satellite was near a 
Node. Therefore when the Nodes are in the 
Quadratures, the Inclination of the Plane of 
the Orbit of the Satellite diminiſhes, as the Sa- 
tellite paſſes from the Quadratures to the Syzy- 


cies ; and, on the contrary, encreaſes as the Sa- 


tellite paſſes from the Syzygies to the Quadra- 
tures ; and returns to the firſt Quantity when 
the Satellite comes to the next Node. 

Now, fince it has been ſhewn that the Force 
M N (diſturbing the Satellite's Motion in Lati- 
tude, and eſpecially diminiſhing the Inclination 
of the Plane of the Orbit of the Satellite to the 
Plane of the Orbit of the Primary Planet) is the 
greateſt when the Satellite is in the Syzypies, 
and leaſt (becauſe none at all) when it is in the 

uadratures, and that it does moſt powerfully 
produce this Effect, (ceteris paribus) when the 
Satellite is in the Limit; it is plain, that by how 
much the Limits are nearer to the Quadratuxes 
when the Satellite is in the Syzygies, by ſo much 
leſs does this Force M diminiſh the — 

© 
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of the ſaid Planes, becauſe its Quantity is none 
when the Satellite is in a Situation which is the 


moſt convenient for producing of this Effect, 
and its 8 is greateſt when, by reaſon of 


the Satellite's Situation, this Effect ceaſes. And 


on the other Hand, ſince it has been lately ſhewn 
that the Force M N, by bringing round the 
Nodes in antecedentia, does again encreaſe the 
ſaid Inclination, and very powerfully encreaſes 


it, whenthe Satellite is near either of the Nodes, 


and that in the mean Time, the Force itſelf is 
greateſt when the Satellite is in the Syzygies; 
it is plain, that by how much they are nearer to 
the Syzygies with the Sun, by ſo much more 
does the Force M N encreaſe the Inclination of 
the Planes. And therefore, ſince the Limits are 
equally near to or remov'd from the Quadratures, 
as the Nodes are to or from the Syzygies, it is 


plain, that by how much the Nodes are nearer 


to the Syzygies, by ſo much is the Inclination 
of the Plane of the Orbit o Satellite, to the 
Plane of the Orbit o ry Planet grea- 
ter, and ſo much leſs as the Nodes are nearer to 
the Quadratures. And becauſe (by the fore- 


going Prop.) the Nodes are carried in anteceden- 


tia, this Inclination of the Planes is diminiſh'd, 
whilſt the Nodes paſs from the Syzygies to the 
Quadratures, and becomes leaſt of all (ceteris 
paribus) when the Nodes are in the Quadra- 
tures ; then it encreaſes by the ſame Degrees by 
which it had before decreas'd, and the Nodes 
being again got to the Syzygies, it returns to its 
firſt Quantity. Q. E. D. . 


D d d Po- 
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PRO PHOSTITION XVI. 

41 L the Inequalities before deſcrib'd, which 

happen in the Motion of a Satellite, as well 
thoſe that Hell zts Motion in Length, as thoſe 
that aſſect it in Breadth or Latitude; aud as well 
thoſe which happen to a concentric, as thoſe that 
happen to an excentric Orbit, are ſomething 
greater in the Conjunction of a Satellite with the 
Sun, than in the Oppoſition. 


Becauſe (by Prop. 25: EI. 5.) the Sum of the | 


greateſt and leaſt of four Quantities Geometri- 
_ cally Proportional, always exceeds the Sum of 
the two others; by taking away on either Side 
the Sum of the two leaſt, the Interval of the 
greateſt and next will exceed the Interval of the 
next greateſt and the leaſt. And becauſe, (by 
the Conſtruction of Prop. 1g.) the Satellite 
[Fig. XIX.] being in e with the Sun 
at G, S M is to & N (by reaſon of the Smalneſs 
of N Z in reſpect of N) that is, to & Tin a 
Duplicate Ratio of & T to SG; the right Line 
MT exceeds the Double of TG: For that 


which is next to the greateſt exceeds S' B. A- 


gain, ſince when the Satellite is in Oppoſition, 
as at B, Sa is to ST, ina Duplicate Ratio of 
57 to s B; the right Line 7 m (for the ſame 
Reaſon) wants of being equal to twice TB: 
therefore 7 27 much more will want of being e- 
qual to , that is, NM exceeds N m. But N 
M, Nm repreſent the Forces reſpectively di- 
{turbing the. Satellite in the Conjunction and 
Oppoſition; and therefore the Effects of the 
former are greater than the Effects of the latter. 
And beſides, ſince the Forces repreſented by N 
M, Nm (which are the only Forces that diſturb 
the Motion of the Satellite when it is in the very 
Con- 
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Conjunction and Oppoſition) and that another 
Force, as A M (which diſturbs the Satellite near 
the Syzygies) is greater in the Conjunction than 
in the Oppoſition, v7. in that greater than the 
Radius L 7, and in this leſs; it is evident that all 
the Inequalities explain'd in the foregoing Prop. 
are (cæteris paribus) ſomething greater near the 
Conjunction of a Satellite with the Sun, than 


near the Oppoſition with it. & E. D. 


| SCHOLIU M. 
The foregoing Propoſition. wou'd always 
hold true, if the Orbit of the Satellite was con- 
centric with the Primary Planet ; otherwiſe it 


would only hold in an entire Revolution of the 
Apſes about the Sun. But the Motions of the 


Satellites, when nicely obſerv'd, ſeem to ſhew 
that the Center of the Circular Orbit of a Satel- 


lite is ſomething farther from the Sun, than the 


Center of the Primary Planet; that ſo the Sa- 
tellite may all along accompany the Primary Pla- 
net. For if the Center of the Satellite's Orbit was 
the ſame as the Center of the Primary Planet, 
the Satellite leaving the Primary Flanet wou'd 
fall into the Sun. For the Satellite deſcribing its 
Orbit, makes that Orbit to be look'd upon as an 
heavy Ring, and the Gravity of each Part of that 
Ring is to be look'd upon as the ſame with 
the Gravity of the Satellite in it, and that Place 
to be reckon'd heavy, which is the Center of 
Gravity of it,” And, ſince by Prop. 16. the acce- 
lerating Gravity of a Satellite towards the Sun, 
over and above the accelerating Gravity of the 
Primary Planet towards it, is more encreas'd in 
the inferior Part of its Orbit near the Con- 
junction, than it is diminiſh'd in the ſuperior Part 
of it near the Oppoſition, and the Satellite 


dwells as long in the one as in the other ; the 
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Center of Gravity of the ſaid heavy Ring or 
Orbit, and therefore the Orbit itſelf is urg'd 
py a greater accelerating Gravity to the Sun 


than the Primary Planet; therefore leaving the 


Primary Planet, it will come nearer to the Sun: 
which alſo will much more be true, if the Cen- 
ter of the Circular Orbit be nearer to the Sun 
than the Center of the Primary Planet. But 
the Center of the Orbit is ſo plac'd by the All- 
wiſe CREATOR, according to the Diſtance of 
each Primary from the Sun, that the Center of 
Gravity of the ſaid Ring (look'd upon as hea- 
vy) is as far diſtant from the Sun as the Center 


of the Primary Planet, leſt the one ſhou'd be 


left by the other: This alſo holds good in Ex- 
centric Orbs, the Gravity of each ſmall Part of 


the Orbit being eſtimated by the Time that the 


Satellite ſtays in it. 
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SECTION IV. | 
OF the Errors which the Sun produces in 
the Motion of a Satellite, when a Pri- 


mary Planet is mov'd in an Excentric 
Orbit about the Sun. | 


PROPOSITION XVII. | 

I , by encreaſing and diminiſhing by turns the 
Diftance between the Sun 8 and a Primary 
Planet T, the Action of 8 be encreas'd and di- 
miniſb'd by turns; L T the Radius of the Orbit 
of the Satellite will at the ſame Time be encreas'd 
and diminiſb'd, and the Periodical Time of the 
Satellite, about the Primary Planet, will be en- 
creas'd and diminiſbd, in a Ratio compoundet 


_ of a Seſquiplicate Ratio of the Radius, and the 


Subduplicate Ratio, by which the attracting 
Force Tf the Primary Planet is diminiſh'd, or 


augmented by the Encreaſe or Decreaſe of the 


Sun's Action. (Fig. XX.) 

The Force with which the Primary Planet T 
draws the Satellite L (namely that by which L 
is kept in its Orb B CG D) is encreas'd (as it has 
been often ſhewn above) when L is in the _ 
dratures Cor P, by the Addition of an extrinſecal 
Force ariſing from the Sun &, which is as A M; 
and whilſt L is in the Syzygies, that attracting 


Force of the Body T'is diminiſh'd, by taking a- 


way a Force which is as MN. And becauſe 
MN perpendicular in the Syzygies (by Prop. 9.) 
has been ſhewn, as it were, to be twice greater 
than A M in the Quadratures, by reaſon of theſe 
Extrinſecal Forces ariſing from the Sun, the at- 
tracting Force of the Primary Planet is lefs di- 

| miniſh'd 
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miniſh'd than it isencreas'd ; and therefore it muſt 


ſimply be look d upon asdiminiſh'd. And becauſe 
the attracting Force of the Body T is that by 
which L is kept in its Orbit; if it ſhou'd decreaſe 
by degrees, the Satellite L (being leſs and leſs 
attracted.) would continually recede from T; 
and, on the contrary, if that Force was encreas'd 
in the Primary Planet, then it wou'd approach 
\ nearer to Z. Therefore the Action of &, the Sun's 
Body, being encreas'd as T comes nearer to it, 
the A4blatitions Force (or Force which is to be 
takenaway) will be encreas'd, and conſequently 
the attracting Force of the Primary Planet T will 
be diminiſh'd by degrees, and for that Reaſon 
TL the Diſtance of the Satellite will be en- 
creas'd; and on the contrary, the Action of & 
itſelf being diminiſh'd by the Receſs of the Pri- 
mary Planet 7 from it, M N will be diminiſh'd 
at the ſame Time; and again, T its attracting 
Force will be encreas'd, and the Satellite will a- 
gain approach the Primary Planet. And theſe 
1 hings will happen by Turns; namely, the Or- 
bit of the Satellite will be dilated whilſt the Pri- 
mary Planet is in the Per:e/7117, and will be 
contracted again when it returns to the Aphelings. 
Beſides, the Force in the Primary Flanet which 
draws L poſited at different Diſtances, or the 
Centripetal Force of the Satellite L towards T, 
is (by Prop. 26. B. 1.) in, a Ratio compounded 
of the ſimple Ratio of the Radii directly, and 
the Duplicate Ratio of the Periodical Time of L 
aboutT inverſly: therefore if the Radius remains 
the ſame, the inverſe Duplicate Ratio of the Pe- 
riodical Time is the fame with the Ratio of the 
Centripetal Force of the Satellite L; that is, 
the Square of the Periodic, ] ime is encreas'd in 
the ſame Ratio in which that Centripetal Force 

is 
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is diminiſh'd, or the Periodical Time itſelf is 


encreas'd in the Subduplicate Ratio in which the 


ſaid Centripetal Force is diminiſh'd ; and on the 
- contrary, the Periodical Time is diminiſh'd in 


the Subduplicate Ratio in which the Centripe- 
tal Force is encreas'd. And beſides, as the Law 


of Attraction in the Primary Planet T, or of the 
Centripetal Force ande Satellite L, is ſuch, as 


to be reciprocally as the Square of the Radius TL, 
and the extrinſecal Ablatitious Force be in reſpect 


of it very ſmall; the remaining Force by which 
L does yet tend toward T, is almoſt in a Pupli- 


cate Ratio of the Radii inverſly ; therefore (by 
Prop. 28. B. 1.) theſame abſolute attractive Force 


remaining in 2, (tho' the Radius be any Way 


chang'd) the Squares of the Periodical Times 


are as the Cubes of the Radii, and therefore the 


Periodical Times are in a Seſquiplicate Ratio of 
the Radii. Therefore if neither the attractive 
Force remains the ſame in the Primary 7, but is 


by Turns encreas'd and diminiſh'd by the Action 


of the Sun, nor the. Radius 7 L continues the 
ſame (which we have before ſhewn to be liable to 
Change) the Periodical Time will alſo be en- 
creas'd and diminiſh'd in a Ratio compounded 
of the two former Ratio's : that is, if the Action 
of the Sun S, by which the attracting Force of 


the Primary Planet is diminiſh'd, be diminiſh'd 


and encreas'dby 'Turns ; likewiſe the Periodical 
Time will be encreas'd and diminiſh'd in a Ratio 
compounded of the Seſquiplicate Ratio of the 
Radii, and the Subduplicate Ratio in which the 


. attracting Force of the Body T is diminiſh'd or 


encreas d. C, E. D. 
SCHOLIU.M 
If the Force attracting the Satellite T be aug- 
mented any other Way than by an extrinſecal 
_ Force 
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Force ariſing from the Sun, as for Ex. if by a new 
Acceſſion of Matter, the Primary Planet becomes 
bigger, and for that Cauſe (by Prop. 49. B. 1.) its 
Attraction becomes greater in that Proportion; 
the Satellite L will both revolve in a leſs Orbit 
with the diminiſh'd Radius 2 L, and its Perio- 
dical Time will be diminiſh'd in a Ratio com- 
pounded of the Seſquiplicate Ratio of the Radii 
directly, and a ſubduplicate Ratio of the attra- 


cting Forces of the Body inverſſy; as before: 


like wiſe, if the Primary Planet be diminiſh'dby the 
taking away ſome of its Matter, the Periodical 


Time of the Satellite will be encreas d. For the 


compound, or the remaining Force, by which 
the Primary Planet, being encreas'd or diminiſh'd 
. draws the Satellite, is preciſely in a Duplicate 
Ratio of the Diſtance inverſly, which only holds 
good in the Caſe of the foregoing Prop. 'The 
ſame will happen in reſpect of a Primary Planet, 
which has been here ſhewn of a Secondary One, 
if the Sun ſhou'd in any wiſe be encreas'd or di- 
miniſh'd. | 1 
PRO PT OSTTION XVIII. 
2 ſame Things being laid down, in a dilated, 


or contracted Syſtem of a Satellite, the Perio- 


aical Effects of thedifturbing Forces, or the Linear 
Errors of a Satellite in any Revolution, are as the 
Radii of the Orbits, and the Squares of the Perio- 
dical Times jointly : But the angular Errors of it 
ſeen from the Center of a Primary Planet are as 
the ſaid Squares of the periodical Times. | Fig. 21.] 
For the diſturbing Forces, or the Forces 
which cauſe Errors, viz. 4 M, M N (other 
Things being as before) are as the Radius TL; 
and therefore the Periodical (Errors or) Effects 
of em, are (by Cor. Prop. 23. B. 1.) as the Forces 
and the Squares of the Periodical Times jointly. 
| But 
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But theſe Errors are Linear Errors, viz. ſuch as 
are meaſur d by the Diſtances of Bodies from ſi- 
milar Figures in thoſe Places, to which the Bo- 
dies in the ſame proportional Times wou'd come 
without thoſe Forces. And for that Reaſon, the 
angular Errors ſeen from the Center of the Pri- 
mary Planet T ; that is, the Angles, under which 
the ſaid Linear Errors appear from the ſaid Cen- 
ter, are in every Revolution of the Satellite L, 
as the Squares of the Times of the Revolution 
nearly; the other of the compounding Ratio's 
(viz. the Ratio of the Radii) vaniſhing, becauſe 
the Linear Errors are ſeen at the Diſtance of the 
Radii. Ys 
| SCHO LIVA. 
'Tho? all the angular Errors in the Motion of 
a Satellite, feen from the Center of the Primary 
Planet, vary as the Satellite's Period varies ; 
namely, the Motion of the Apſes or Apſides, 
the Regreſs of the Nodes, and the other before- 
mention'd Deviations, as well in Longitude or 
Length, as in Latitude, ariſing from the extrin- 
ſecal Forces of the Sun ; yet, as in one Period 
of a Satellite, ſome of thoſe Errors are ſcarce 
ſenſible, and not remarkable till after ſeveral 
Revolutions, and ſome Errors compenſate for 
others: therefore they have been the leſs known 
to Aſtronomers ; at leaſt one Error deſcrib'd in 
Prop. 1. by which the Motion of a Satellite in 
the Quadrants of its Orbit before the Syzygies 
is accelerated, and retarded in the, Quadrants 
after_ them, which happens every Revolution, or 
rather every half Revolution: for in the Quadra- 
tures of the Sun this Errors ceaſes, the Cauſe 
ceaſing. Therefore this Error (as it i deduc'd 
from the ſaid Prop. 1. or rather as it is corrected 
by Cor. Prop. 2.) by this 18th Prop. its Periodical 
| Time 
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Time being encreas'd or diminiſh'd, in one of 
its whole Periods is encreas'd or diminiſh'd in a 
Duplicate Ratio of the Time between the Qua- 
dratures. But the Time between the Quadra- 
tures does not depend upon the Period alone, 
but is greater or leſs according as the Satellite's. 
Place is near to the upper or lower Apſis in its 
proper Orbir. | . 
PROPOSITION XIX. 
7 Fa Primary Planet be mov'd about the Sun at 4 
great Diſtance from it in an excentric Orbit, the 
Forces of the Sun diſturbing the Motion of a Satel- 
lite and their Effects, viz. all the above de/crib'd 


Errors in Longitude, Latitude, and Altitude, are 


reciprocally as the Cubes of the Diſtances of the 
Primary Planet from the Sun; that is, directly 
as the Cubes of the apparent Diameters of the 
Sun ſeen from the Primary Planet. | Fig. XXII. 

Becauſe the Sun is at a great Diſtance, the 
Diſtance between the Points T and N, in Com- 
pariſon of 5 7, vaniſhes, or & N, & Tare equal. 
And ſince the Excentricity of the Orbit C B D 
E (if it has any) being compar'd with T & will 
alſo vaniſh, S K will likewiſe become equal to 
ST. Beſides, T S being encreas'd or diminiſh'd, 
the Orbit CB D & together with the Lines T L, 
MN, A M, Ec. that depend upon it, are en- 
creas'd and diminiſh'd by the foregoing Prop. 
And indeed, by reaſon of the great Diſtance of 
the Sun 5, they are all encreas'd or diminiſh'd 
in the ſame Proportion ; that is, the right 


Line A M (which in its middle Quantity is 


equal to T I, becauſe when the Satellite is in 
Conjunction with the Sun it becomes greater, 
and about the Oppoſition leſs) is to L T as & 
K to T; therefore a Force as AM is toa Force 
a8 A in the ſame Ratio as L Tis to S. 3 

| _ wiſe 


the Forces A M, M N are as 2 2 
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wiſe, a Force as M N is to a Force as & K al- 
moſt as LT to ST); that is, the Forces as M 
A M, are nearly as the Force & K and the Ratio 
of LT to £T jointly; that is, as the Force 


L | 6 
SK FT And fince the Force conſtantly 


accelerating towards the Sun's Body is (by Prop. 
42. B. 1.) inverſly, as the Square of the Diſtance 


| 3 
putting N the Force K for the Forces 
I br bs 


A M, MN, will be 7 X 57 that je, as 
&: TC. 


55 But it has been before ſhewn, that 
S K is in that Caſe equal to ST: Whence the 


| | ST cub. Nog if 

L T be alſo look'd upon as conſtant and un- 
changeable, the diſturbing Forces will be as 4 
M, MN, therefore the Effects of thoſe Forces, 
namely, all the Errors (of which we have be- 


. I . I . 
from it; that is, at the Diſtance & K as — —? : 


LT Vt 
* OE "IS 8 t os 
fore made mention) will be as Tram hat is, 


reciprocally as the Cube of the Diſtance of the 
Primary Planet from the Sun. And it is com- 
monly known, that the apparent Diameters of 
a Sphere of a given Magnitude are inverſly as 


the Diſtances ; and therefore the ſaid diſturbing 


Forces, and the Errors of a Satellite ariſing from 
it, are as the Cubes of the apparent Diameters 
of the Sun ſeen from the Primary Planet. 
2 E. D. 
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PROPOSITION XX. 


7 find the Ratio between the Sun's Forces, 


which diſturbs the Motion of a Satellite, and 
the Forces by which a Satellite is retain'd iu its 
Orbit about a Primary Planet. | Fig, XXIII.] 
It has been ſhewn in the foregoing Propofiti- 
ons, what Ratio the Forces of the Sun diſturbing 
the Motion of a Satellite have to the Force by 
which the Sun draws the Primary Planet, or 
by which the Primary Planet is retain'd in its 
Orbit about the Sun ; namely, that which the 
right Lines A M, MN, have reſpectively to & 
, or A M, MT(the Points Nand Tcoinciding) 
to S Z. What remains is to determine the Ra- 
tio between the ſaid diſturbing Forces, and the 
Force by which the Satellite L is retain'd in its 
Orbit C B D & about its Primary Planet T. The 
right Line A M in its middle Quantity is equal 
to T L; wherefore the Mean Force, as A M. is 
to the Force SN or ST, by which T is retain' d 
in its Orb, as TLtoTS: And (by Prop. 26. 
B. 1.) the Force by which T is retain'd in its 
Orbit ET E, is to the Force, by which L is re- 
tain'd inits Orbit CBDG, in a Ratio compound- 
ed of the Ratio of ST to TIL, and a Dupli- 
cate Ratio of the Periodical 'Time of the Satel- 
lite about the Primary Planet, to the Periodical 
Time of the Primary Planet about the Sun. And 
therefore, ex «quo, the foreſaid Mean Force A 
Mis to the Force, by which L is detain'd in its 
Orbit, in a Ratio compounded of the Ratio of 


TLtTSSTtoT L, and a Duplicate Ratio 


of the Periodical Time of the Satellite about 
the Primary Planet to the Periodical Time of 
the Primary Planet about the Sun; that is, 
(the two foregoing Ratio's deſtroying each 
other) the Mean Force 4 M, is to the 

1 Force 
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Force, by which L is retain'd in its Orbit about 


T. is in the foreſaid Duplicate Ratio of the Pe- 
riodical Times. If the Ratio between MN and 
A M be found out, the Ratio of each Force di- 
ſturbing 4 M and MN to the Force by which 
L is retain'd in its Orbit will be alſo found. 
Nay, you may find the Force A M not only in 
irs Mean Quantity, but very exactly according 
to the various Poſition of the Satellite L, and 
from it nicely determine the Ratio between the 
diſturbing Forces and the Force, by which L is 
retaind in its Orbit. 


COROLEL AKT 


If the Sun be ſuppos'd at a great Diſtance, 
as it happens in the Circumſolar Flanets, at leaſt 
in thoſe that have Satellites; A M will always 
be equal to TIL, the right Lines MT, A L, be- 
ing parallel; and MN or MT equal to AL. 
But becauſe SA is to K in a Duplicate Ratio 
of K to SL, and SL infinite in Reſpect of XL; 
A K (the Difference of AS and S will be the 
Double of KL (the Difference of & K and SL) 
and 4 L the Triple of it: But K L is the Right 
Sine of the Arc CL, namely, of the Diſtance of 
the Satellite from the next Quadrature C, ſup- 


poſing TL the Radius. Therefore in that Caſe 


you have always the Ratio of the Force A M to 


MN given, vix. that of the Radius to the Triple 


of the Right Sine of the Satellite's Diſtance from 
the Quadrature. 


SCHOLIUAM- 

Mach after the ſame Manner that the Sun, 
plac'd without the Orbit of a Satellite, diſturbs 
its Motion, and that ſeveral Ways, as it appears 
from ſeveral Propoſitions of this Book; the Su- 

Bee perior 
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perior Planets will diſturb the Motion of the 
Inferior,. and the Comets will diſturb the Mo- 
tion of all the Planets. For the afore deſcrib'd 
Diſturbance of the Satellites ariſing from the 
Sun, is owing to the Gravitation of each Satel- 
lite towards the Sun, by which (amongſt other 
Things) it happens, that the Gravitation of a Sa- 
tellite towards its Primary Planet is no longer in 
a Duplicate reciprocal Ratio of the Diſtance 
from it. And the Actions of the Planets on one 


another, will produce the like Effects, tho far 


leſs ſenſible, by reaſon of the Smallneſs of their 
Bodies when compar'd with the Sun, and their 
immenſe Diſtances. Yet theſe Effects (how 
{ſmall ſoever) will be produc'd, and if they con- 
tinue, and are always directed the ſame Way, 
they will at length become ſenſible : for Exam- 
ple, it is found that the Apſes of the Earth's Or- 
bit do, after ſeveral Vears, ſenſibly appear to have 
been carried in conſequentia, tho? this Motion be 


very ſmall, if it be compar'd with that of the 


Apſes of the. Moon in conſequentia ; becauſe in 
twenty Years they don't move quite fourMinutes 
and a half, whilſt the Apſes of the Moon in the 
ſame Time have made more than two whole Re- 
volutions and a Quarter. 

Beſides, the Diſturbance of the Motion of 
the Planets, ariſing from other Planets and Co- 
Mets will be very unequal, becauſe the Diſtan- 

ces of the diſturbing Bodies are very unequal. 
But as the Effects of all this Diſturbance are ſmall, 
their Inequalities will be almoſt inſenſible ; and 
the Mean or middle Quantity of each will ſuffice 
for Aſtronomical Calculations, © 


SECTION. 
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[og 


Book IV. / ASTRONOMY. 531 


- 


1 


SECTION V. 


Concerning the Motion of the Moon, ſeen 


from the Earth. 


T has been ſhewn at large, in the foregoing 

Propoſitions, what the Errors produc'd by 
the Sun in the Motion of the Secondary Planets 
are ; of all which Errors we will give an Exam- 
ple in the Moon, the Earth's Satellite, and ſum- 
marily ſhew by what Inequalities it is affected; 
how they are obſerv'd and diſtinguiſh'd from 
each other, and alſo how they may by Compu- 
tation be trac'd from their Springs; namely, the 
Sun's Forces which cauſe them ; and laſt of all 
we ſhall give a Method for calculating and ma- 
king uſe of Tables of the Moon's Motions, where 
it will appear, by the by, what Errors the Con- 
ſtructors of Tables have hitherto taken notice of, 


and what Errors they have paſs'd by. 


PrxopOSITION XXI. 
mY deſcribe and explain the Motion of the Moon 
aud its Inequalities hitherto obſerv'd, whe= 
ther diſtinguiſh d or mix d with others, from what 
has been ſaid and prov'd. | 

That the Earth, which is a great Body and a 


hr Planet, as it is carried about the Sun, 


can (whilſt it ſelf is carried about the Sun) carry 
the leſſer Body of the Moon, revolving about 
it under the Form of a Satellite, in an'Orb any 
way inclin'd to the Plane of the Ecliptic in 
which the Earth is carried about the Sun; and 
that the Moon can revolve in an Ellipſis having 
| Eee A : 


ADE, 2: 2 — 


Things. 
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a Focus nearly in the Earth's Center; is plain 
from the 59th Prop. of B. 1. and its Corollaries: 
And theſe are Phanomena which every Body 
plainly ſees ; for from them the Phaſes of the 
Moon, and the Eclipſes of the Luminaries, are 
explain'd in the 16th, 18th, and 19th Prop. of 
B. I. But the Motion will be very much diſturb'd 
by the Action of the Sun and the Moon, and af- 
fected with theſe Inequalities which a conſtant 
and more careful Obſervation has diſcover'd, 
whoſe Effects will nevertheleſs almoſt vaniſh, if 
they be compar'd with the firſt Inequalities; 
whence it happens, that in the forementioned 


Propoſitions the Motion of a Satellite about its. 


Primary Planet is ſuppos'd very like the Motion 
of a Primary Planet about the Sun, tho' upon 
a nice Obſervation it differs a little in ſome 

For firſt of all, if it was not for the Sun's A- 
ction, the Moon wou'd be ſo mov'd about the 
Earth, as to deſcribe Areas proportionable to the 
the Times, by a Radius drawn to the Earth: But 


by the ſaid Action, it happens (by Prop. 1.) that 


it deſcribes an Area greater for the Time (that 
is, it is carried ſwifter) in the Syzygies with the 
Sun, than in its Quadratures. And therefore 
this Error is alſo chang'd, and in every Period 
of it in a Duplicate Ratio of the 'Time between 
the Quadracures, by Schol. of Prop. 18. 
Secondly, if the Sun's Action did not diſturb 
the Moon's Motion, the Moon would deſcribe 


an Ellipſis having a Focus in the Earth's Center: 
But now it is plain by Prop. 2. that the Orbit of 


the Moon will (cæteris paribus) become leſs curve 


in the Syzygies, and more in the Quadratures ; 


and therefore it is nearer the Earth in the Syzy- 
gies than in the Quadratures, 
| Thirdly, 


> 


PA ws wn ww _ ds loc . 


Book IV. / ASTRONOMY. 533 
Thirdly, the Moon wou'd conſtantly deſcribe 
an immoveable Ellipſis about the Earth, if the Sun 
did not diſturb it; but now from its Diſturbance 
it happens, that this Orbit is very far from being 
an Ellipſis; neither can it be reduc'd to one but 
by the artful Induſtry of the Aſtronomers. For 
its Orb is a Curve, which is generated of an El- 
lipſis mov'd about a Fire Focus, or the Center of 
the Earth, its greater Axis in the mean Time 
vibrating with an angular Motion ſometimes for- 
ward, and ſometimes backward ; as it is plain 
from Prop. 8. But the immoveable Curve AEGH 
(in Fig. III.) is truly the Moon's Orbit, which is 


d | no more to be reckon'd an Ellipſis than an Helix 
0 is a Right Line, becauſe it is generated by a 
* Point moving in a Right Line, whilſt the Right 
5 L.ine is carried about by an angular Motion. But 
* if out of Reſpect to the old Aſtronomers (who 
\ are to be valu'd) we call the Orbit of a Planet 
9 an Ellipſis, the Line of its Apſides (by Prop. 8.) 
- does in each Lunation go forwards twice, name- 
ly, when the Moon is in the Syzygies, and 
_- goes back twice when the Moon is in the Qua- 
* dratures; and this Progreſs (by Prop. 11.) is 
* greater than the Regreſs, when the Moon's Apo- 
- genm and Perigæum is in the Syzygies, and on 
* the other hand the Regreſs does exceed the Pro- 
r greſs, when it is in the Quadratures. Therefore 
in the former Caſe, if you obſerve one whole 
b Revolution of the Moon, it will ſimply appear 
6 that the Apogæum goes forward; but in the latter 
7 it goes back: But as the firſt Caſe is moſt laſting 
* 8 in one whole Revolution of the Apſes about the 
5 Sun, they go forward ſimply. _ 
* Fourthly, If the Sun's Action had no Power 
PA to diſturb the Moon's Motion, the Moon wou'd 
** always deſcribe the ſame Ellipſis about the 


Eee 3 Earth; 
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Earth ; whereas now it continually changes its 
Shape; for the Excentricity of the Orbit is every 
Day chang'd, and (by Prop. 12.) it is greateſt in 
every Revolution when the Moon is in the Sy- 
zygies, and leaſt when the Moon is in the Qua- 
dratures. But if the Moon's Apogæum and Peri- 
geum be in the Syzygies, and the Moon be at 
the ſame time in the Apogæum, that is, if the 
Excentricity be greateſt of all; the Moon in 
the Syzygies will be both moſt remote and moſt 
flow, contrary to what was ſaid in the firſt and 
ſecond Paragr. of this Prop. But as there we 
did not conſider that Excentricity, and we only 
ſay. that, cateris paribus, what was there ſaid 
holds good, what we ſay now does not contra- 
dict it. But even in this Caſe the Moon does 
not move ſo ſlowly, neither does the Excentrici- 
ty of the Orbit become ſo great, as it would be, 
if the Errors explain'd in the ſaid Paragraphs 
were away. | 

PFifthly, if the Sun did not diſturb the Moon's 
Motion, the Moon wou'd deſcribe an Orbit 
about the Earth in an immoveable Plane, as a 
Primary Planet does about the Sun; which ap- 
pears from Prop. 11. B. 1. to be the Property of 
the Way of a Projectile : But the Sun cauſes 
the Poſition of this Plane to vary differently, 
either by the Change of its common Section 
or Line of the Nodes with the Plane of the 
Ecliptic, or of the Inclination it ſelf with the 
fix'd Plane of the Ecliptic. And by Prop. 14. 
in one of the Moon's Revolutions about the 
Earth, the Nodes go back very fait when the 
Moon is in the Syzygies, and very flowly when 
it is in the Quadratures; and if ſeveral Revo- 
lutions be compar'd, the Regreſs of the Nodes 
is the ſwifteſt when they are in a nn 

: | | | wit 
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with the Sun, and ſloweſt (becauſe none) when 
in the Syzygies. | | 
Sixthly, the Inclination of the Moon's Orbit 
to the Plane of the Ecliptic is alſa changed. 
For (by Prop. 15.) in the ſame Revolution of 
the Moon this Inclination is the leaſt when the 
Moon is in the Syzygies, and greateſt when it 
is in the Quadratures; but if ſeveral Revoluti- 
ons be compared together, it is leaſt when the 


Nodes are in the Quadratures, and greateſt 


when they are in the Syzygies. 
Seventhly, all the afore deſcrib'd Errors ari- 
ſing from the Sun's Action produc'd in any ſmall 


Time; that is, the Velocities or Horary Motions 


of the Apogæum, Nodes, Ec. and of the Moon 
are chang'd according to the Earth's Diſtance 
from the Sun, which cauſes thoſe Errors, and 
that (by Prop. 19.) in a Triplicate Ratio of the 
Diſtance of the Earth inverſly, or in a Tripli- 
cate Ratio of the apparent Diameter of the Sun 
ſeen from the Earth. 

Eighthly, the Periodical 'Time of the Moon 
varies alſo according to the Earth's different 
Diſtance from the Sun: For it» is leaſt (by 
Prop. 17.) when the Earth is in the Aphelium; 
and greateſt when the Earth is in its Peribelium. 
And therefore, beſides all the Inequalities above 
mention'd in the Moon's Motion, which happen 
at thoſe Times, the Moon's Mean Motion it ſelf 
is ſwifter when the Earth is in the Aphelium, 
than when it is in the Perihelium, and proporti- 


onably ſlower or ſwifter as the Earth is nearer or 


farther from it. 

Perhaps there are ſome other Inequalities not 
yet obſery'd (or at leaſt not yet diſtinguiſh'd 
from the others) in the Moon's Motion by which 
it is ſo diſturb'd, that it can no way be reduc d 

EECS to 
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'to a certain Rule ; viz. thoſe of which Mention 
is made in the Scho. of Prop. 18. E9c. After theſe 
v. hich are enough known, the reſt will more 
eaſily be obſerv'd, and their Cauſes deduc'd from 
the Principles before laid down. 


PROPOSITION XXII. 


72 find the Diſtance of the Moon from the Cen- 
ter of the Earth, by one Eclipſe of the Moon, 
eithout any previous Obſervation of the Moon. 

The common Inveſtigation of the Moon 
from the Earth (built upon the Methods laid 
down in the 2d and 3d Books) preſuppoſes the 
Theory of the Moon to be in ſome Meaſure 
eftabliſh'd, becauſe this Theory depends upon 
it, and cannot be obtain'd without it; as Prolemy 
obſer ves, in the 11th Chapter of the 5th Book of his 
Almazeff, He, by an Obſervation of the Moon 
in the Zenith, when at the ſame Time it has its 
greateſt Latitude, perſorms the Matter. Few 
laces are fit for ſuch an Obſervation, certainly 
not.our Latitude. 'Therefore we muſt have Re- 
courſe to Geometry, and ſee if it will afford us 
any Help, and find the Parallax of the Moon 
without any previous 'I heory or Obſervation of 
the. Moon. 

At the Moment that the Horns of the Moon 
(in its Immerſion into the Earth's Shadow, or its 
Fmcriion from it) are parallel to the Æquino— 
CEtial, let the apparent Altitude of the Moon, 
and (by Help of the neighbouring Fix'd Stars) 
its apparent Right Aſcenſion and Declenſion be 
obſerv'd. Now the Phaſis of the Eclips'd Moon 

is very well diſtinguiſn'd, if the Horns appear to 

be in a Right Line perpendicular to the Gnomon 

of a Sun-Lial, which is parallel to the Axe of 

diurnal Rotation, which Line * nts the 
8 Egquator; 
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Zquator ; in which Caſe it is plain that the Moon 
and the Shadow of the Earth have the fame 
Right Aſcenſion. In Fig. XXIV. let the Circle 
Zz P HO repreſent the Meridian, in which the 
Pole is P, the Zenith Z. Let E be the E 
quator, in which the Place from which you be- 
gin to count the Right Aſcenſion is Y; let HO 
be the Obſerver's Horizon, and 4 the Moon's 
apparent Place, and its true one at the Time 
of the Obſervation; which Places will be in the 
ſame Vertical Circle, becauſe the Parallax does 
ſomething depreſs the Phenomenon. Let the 
Circles of Declination PAB, PV D meeting 


with the Æquator in B and D, be drawn thro 


Aand J. Then, from the given Place of the 
Sun will be given its Right Aſcenſion, and con- 


ſequently the Right Aſcenſion of the Point op- 


poſite to it, viz. the Center of the Shadow; 
that is, V D: therefore BD the Difference of 
V the true and V the apparent Right Aſ- 
cenſion will be given, or the Angle BPD, which 
is meaſur'd by this Arc. In the Spherical Tri- 


angle AP Z three Sides are given; namely, PZ 


the Complement of the Pole's Height, Z A the 


Complement of the obſerv'd apparent Altitude 
of the Moon; and A P the Complement of the 


obſerv'd apparent Declination of the Moon; 
therefore the Angle Z AP will be given. Again, 
in the Triangle A are given the two Angles, - 
VA ͤ and PA, lately found with the inter- 
cepted Side AP; therefore the Side AV, the 


| Moon's Parallax will be found, which being 


given, you may, by Prop. 46. of B. 2. find the 


| requir'd Diſtance of the Moon from the Center 


of the Earth. 
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PrxoPosSITION XXIII. 

7e determine the Diſtance of the Moon from the 

Center of the Earth, at a given Time, by Ob- 
ſervation. | Fig. XXV.] | 

Let OR denote the Earth, whoſe Center is 7; 
O the Place of the Obſerver; and let L be the 
Moon in the former Obſervation, when you have 
determin'd its Diſtance as well from the Earth's 
Center as from the Obſerver's Eye, (namely, 
the Right lines 2 L, OI) by the foregoing ; 
and immediately before or after the Eclipſe of 


the Moon, on which the ſaid Obſervation has 


been made, let the Moon's apparent Diameter 
in L be obſerv'd. Now let the Moon be ſup- 
pos'd in any other Place of its Orbit, as at / : 
its Diſtance T/ from the Earth's Center is re- 


quir d. Let the Moon's apparent Diameter in? 


be obſerv d; now (as it is commonly known) 
Ol is to OL as the apparent Diameter of the 
Moon at L is to its apparent Diameter at / ; that 
is, in a given Ratio; therefore alſo O is given: 
But by the apparent Altitude of the Moon in /, 
the Angle /OT is given; if therefore in the Tri- 
angle / O T the ſides O/and OT, as well as the 
Angle 1O T be given, you will find T'/ the Di- 
ſtance of the Moon from the Earth's Center. 
E. F. | 

There is no Need of expreſſing the apparent 
Diameters exactly in Parts of a Circle; it. is 
ſufficient if their Ratio to one another be known: 
For thefe Arcs or Angles are not compar'd with 
other Angles or Arcs expreſs'd by Parts of a Cir- 
cle; but only one with another; for their in- 


verſe Ratio is the Ratio of the Diſtances of the 


Moon from the Eye at the Times of the Obſer- 
vations. Therefore it is enough if they be ob- 
| | | ſerv'd 
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ſerv'd with a Micrometer fitted to a Teleſcope, 
and the Diſtances of the Threads being divided 
into equal Parts, they will be denoted by the 
Number of thoſe Parts. 


PRO POSITION XXIV. 
TO determine the Inequalities and Errors of the 
Moon by Obſervation and diſtinguiſh, them one 


From another. 


The Moon's apparent Places are determin'd 
by Help of the neighbouring Fix'd Stars, whoſe 
apparent Places are before exactly known, by 
Prop. 29. B. 2. and true Places from the apparent 
by the 68th Prop. of the ſame Book : But the Di- 
ſtance from the Earth's Center is known at any 
Time, by the foregoing Prop. Therefore all that 
regards the Moon's Motion is known. | 

Since the Inequalities in the Moon's Motion, 
which are taken notice of in the 21ſt Prop. are 
known, and we know how to look for em, by 
comparing ſeveral of theſe Kind of Obſervations 
made conſtantly and for ſeveral Years, their 
Quantities will be determin'd: as for Examp. we 
may this way determine whether (cateris paribus) 
the Moon moves ſwifter in the Syzygies with 
the Sun than in the Quadratures ; whether it be 
farther diſtant from the Earth in theſe than in 
thoſe; whether the Moon's mean Motion be 
ſwifter in the Earth's Aphelium than in its Peribe- 
lium, &c. ſome of em being determin'd (viz. 


thoſe which depend upon the Syzygies with the 


Sun, and perhaps thoſe which end and begin 
again twice in a Synodical Month) the reſt will 
more eaſily be diſtinguiſh'd from one another, 
which either depend upon the Earth's Annual 
Motion, or upon the Revolution of the Apſes 
or Nodes of the Moon in reſpect of the Sun. 

1 heſe 
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Theſe being ſeparated from one another, there 
is left that Inequality of the Moon, of which we 
have ſpoken in general in the Sch. of Prop. 16. 
whoſe Quantity being known by its Period will 
be garher'd from Obſervations. And at length 
by comparing the Period of the Moon which. is 
now obſerv'd, with that that was known ſeveral 
Ages ago by Obſervations, it will appear, whe- 
ther the Globe of the Earth is in this Proceſs of 
Time encreas'd or diminiſh'd, (as I ſuſpect) and 
we may Geometrically determine, by Schol. Prop. 
17. what Increment or Decrement has happen'd 
in the whole Time. But if other Inequalities, 
hitherto not obſerv'd, affect the Moon's Motion, 
taking away the foremention'd ones, they will ap- 
pear, and being made plain will encreaſe our A- 
ſtronomy, by making up the Moon's Theory. 


| PROPOSE TION XXV. 
70 find the Forces of the Sus which diſturb the 
1 Aſoos s Motions, or to determine the Ratio 
between thoſe diſturbing Forces, and the Force of 
our Gravity. | Fig. XXVI.) 

The ſame Things being laid down as before, 
the Forces which diſturb the Moon's Motion are 
repreſented by the Right Lines A MN, MN, and 
by reaſon of the Sun's great Diſtance, the Line 
MN does not differ from MT, and is the Tri- 
ple of the Right Sine of the Arc CL of the 
Moon's Diſtance from the Quadrature, ſuppo- 
ſing TL the Radius; and AM is equal to T L, 
as it has been ſhewn in Cor. Prop. 20. Alſo ſimi- 
lar, but leſs Forces diſturb the Motion of the 
Earth, becauſe it is not the Center of the Earth 
it ſelf, but the common Center of Gravity of 
the Earth and Moon, that deſcribes the Magnus 
Orbis (or great Orbit) about the Sun, as it has 

| been 
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been ſhewn in the 63d Prop. B. 1.” ſo that the 
Earth and Moon are as it were Satellites revol- 


ving about the ſaid Center of Gravity. But we 


refer both the Forces to the Moon, for the Rea- 
ſons which have been demonſtrated in the 5oth 
and 51ſt Prop. of B. 1. Moreover, by Prop. 20. 


the Force of the Sun which diſturbs the Moon, 


being as A M, is to the Force, by which the 
Moon is retain'd in its Orbit, in a Duplicate 


Ratio of the Moon's Periodical 'Time about the 


Earth, to the Earth's Periodical Time about the 
Sun: And the Force by which the Moon wou'd 


revolve about the Earth, if it was immoveable, 


at its preſent Diſtance from it, (which, by 
Prop. 51. B. 1. is equal to the Force, by which it 
is now retain'd in its Orbit about the foreſaid 


Center of Gravity,) is, by Cor. 1. Prop. 26. B. 1. 


to the Force by which it might inthe ſame Time 
revolve about the Earth, at its Diſtance from 
the ſaid Center of Gravity, as the Diſtance of 
the Moon from the Earth, to the Diſtance of 
the Moon from that Center of Gravity; for 
the Periodical Jimes of the Earth and the Moon 


about their common Center of Gravity are the 


ſame: And the foreſaid Force by which the 
Moon wou'd be retain'd in its Orbit about the 
Earth, art reſt at its Diſtance from that com- 
mon Center of Gravity, is to the Force which 
we call Gravity (which is indeed the ſame Force, 
but propagated to a leſs Diſtance from the Cen- 
ter, namely, to the Earth's Surface, only) in a 


Duplica © Ratio of the Semi-Diameter of the 


Earth to the foreſaid Diſtance of the Moon 
from the common Center of Gravity of the 
Moon and Earth: And therefore the Force of 
the Sun as AH is to the Force of Gravity in 
the Earth's Surface, in a Ratio compounded of 

— thete 
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theſe three Ratio's ; namely, of the Duplicate 
Ratio of the Moon's Periodical 'Time about the 
Earth, to the Periodical 'Time of the Earth a- 
bout the Sun ; of the Ratio of the Moon's Di- 
ſtance from the Earth, to the Diſtance of the 
Moon from the common Center of Gravity of 
the Moon and Earth ; and 6f the Duplicate Ra- 
tio of the Semi-Diameter of the Earth, to the 
Diſtance of the Moon from the common Center 


of Gravity of the Earth and Moon. Now the 


three compounding Ratio's are given ; therefore 
we have the Ratio compounded of them, viz. 
the Ratio between the Sun's Force, as AM, and 
the Force of Gravity. But the. Ratio of the 
other diſturbing Force, as MN or MT to AM 


or Lis known, namely, that of the Triple of 


the Sine of the Arc C L of the Moon's Diſtance 
from the Quadrature to the Radius: Therefore 
the Ratio of each Force of the Sun which di- 
ſturbs the Moon's Motion to the Force of our 
Gravity here is found. 

The Mean compounding Force may without 
any ſenſible Error be neglected, as coming near 
ro the Ratio of Equality : which makes the So- 
lution ſo much the eaſier. 


SECTION 
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SECTION VI. : 
Of the Moon's Tables, and their Uſe. 


PR oPOSITION XXVI, 


O explain the Order of the Lunar Tables, de- 
ſigud for readily finding of the Place of the 
Moon ſeen from the Earth. | 
Firſt of all, the Epocha or Radix of the Moon's 
Motion is ſettled : that is, (as has been above 
explain'd in B. 3.) by taking a remarkable Point 
of the Mean Time, number'd in the Place for 
which the Tables are defign'd ; then you muſt 
ſet down the Mean Longitudes of the Moon, 
and its Apogæums, and aſcending Nodes agree- 
ing with the ſaid Time. Likewiſe, for readily 


finding the Moon's Aſpects with the Sun, the 


Radix of the Moon's Mean Motion from the 
Sun is ſettled ; that is, the Mean Diſtance of the 
Moon from the Sun is put down agreeable to the 
ſaid Epocha. 

Secondly, the Mean Motions of the Moon 
it ſelf, and its Apogæums and Nodes are to be ſet 
down in the Tables for Years, Tens of Years, 
and Hundreds of Years, Sc. and alſo for 
Months, Days, Hours, and Parts of Hours. 
Likewiſe the Mean Motions of the Moon from 
the Sun, for the ſame Numbers of Years, 
Months, Days, Sc. muſt be ſet down; which 
are eaſily found, by taking away the Sun's 
Mean Motion from the Moon's Mean Motion, 
agreeable to the ſame Time. 

Thirdly, you muſt ſet down the Correction 
of the Moon's Mean Motion, according to the 
| 2 Earth's 
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Earth's Diſtance from the Sun. For the Moon's 


Mean Motion being taken from the foregoing 
Table, is the Mean Motion in a larger Senſe ; 
that is, in reſpect of a Courſe of ſeveral Years. 
Now (by Prop. 17.) the Moon's Periodical Time 
is ſhorter when the Earth is in its Aphelium; but 
as it recedes from it, the Moon's Periodical 'Time 
is encreas'd, till it be the greateſt of all, when 


the Earth is come to the Perihelium. Therefore 


its Mean Place before found is to be corrected 
by the Addition or Subſtraction of an Arc or 
Angle depending upon the Mean Anomaly of 
the Earth: Yet the Place of the Moon ſo cor- 
refed is ſtill the Mean Place. This Table of 
the Correction of the Moon's Mean Motion de- 
pending upon the Earth's Anomaly, is ſettled by 
means of the 17th, 2oth, and 25th Prop. 
Fourthly, the Corrections (called Æquatious 
in the Aſtronomic Phraſe) of the Mean Place 
of the Moon's Apogæuii. And theſe Æquations 
are Three; the Firſt depends upon the Aſpect 
of the Apogæum and the Sun; for it has been 
ſhewn in Prop. 11. that the Apogæum goes for- 
ward when it is in the Syzygies, and goes back- 


ward when it is in the Quadratures with the 


Sun; therefore to the Mean Apogæum is to be 
added, or from it is to be ſubſtracted the Æqua- 
tion depending upon the Situation of the Apo- 
gæum, in reſpect of the Sun: The Quantity of 
this Æquation is proportional to the Quantity 
of the Forces that produce thoſe Effects, which 
are to be determin'd by the 11th, 2oth, and 25th 
Propoſitions. 't he ſecond Æquation of the Moon's 
Apogæum is Monthly, and depends upon the 
Sun and Moon's Aſpect. For tho' near the 
Conjunction or Oppoſition of the Moon's Apo- 
gæum with the Sun, the Apogzum goes forward 

in 
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3. in one whole Lunation, yet that Progreſs of the 

8 Apogzum is not equable, but when the Moon is 

3 in the Quadratures, it goes forward ſlower, or 
7 buy chance it may alſo go back; when the Moon 
15 is in the Syzygies, its Apogæum goes forward 
* much faſter. Likewiſe, tho' near the Quadra- 
a7 ture of the Apogzum of the Moon with the 

n Sun, the Apogæum of the Moon goes back in 
iD. reſpect of one whole Lunation, yet it does not 
d . equably go back, but the Moon in the Syzygies 
T either makes it go forward, or at leaſt go back 
f more ſlowly. Theſe Things are plain from 
—_—_— Prop. 10. whence the Place of the Moon's Apo- 
f gæum being firſt (by the foregoing Correction) 
_ brought to an Equality, muſt alſo be corrected 

* by this monthly Æquation. The Quantity of 

this Æquation is to be gather'd from the different 

=. Aſpects of the Moon to the Sun (by Prop. Sth, 
* 20th, and 25th.) But there is alſo Need of a 
18 third Æquation fully to rectify the Place of the | 
5 Apogæum: For the Motion of the Apogæum, 
3 whether progreſſive or regreſſive, is greater or 3 | 
5 leſs according to the leſs or greater Diſtance of | 
— | the Earth from the Sun; and its Velocity (by 1 
e Prop. 19.) is in a Triplicate Ratio of the Sun's 
e apparent Diameter: Therefore this depends upon 
a= the mean Anomaly of the Earth, as alſo the Cor- 
J- rection of the mean Motion, of which we have 9 
of ſpoken above. Its Quantity may be drawn from 
* the Knowledge of the Degree of the Anomaly in 
h Prop. 19th, 2oth, and 25th. 
h Fifthly, the Excentricity of the Lunar Orbit 
'S is liable to a continual Change, and the Times 
14 of that Change are the ſame with thoſe of the 
10 progreſſive and regreſſive Motion of the Apo- 
O- gæum. Becauſe (by Prop. x3) if you compare 1 
rd one whole Lunation with another whole one, | 1 
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the greateſt Excentricity is when the Apſes are 
in the Syzygies, and the leaſt when they are in 
the Quadratures. And in one Lunation (by 
Prop. 12.) it is greateſt when the Moon is in the 
Syzygies, and leaſt when the Moon is in the 
Quadratures: For Example,'in that Month thar 
the Apſes are in the Syzygies, the Excentricity 
is diminiſh'd, when the Moon itſelf is come to 
the Quadrature, at which Time it is leaſt of all 
in that Lunation. And likewiſe, when the A- 
pogzum is in the Quadrature with the Sun, the 


Excentricity, which already was little, is dimi- 


niſh'd, whilft the Moon goes from the Syzygies 
to the Quagratures. Therefore the Excentri- 


cities of the Orbit, which agree with the Aſpect 


of the Apogæum of the Moon are put down 
in the Tables, and that very conveniently over- 
againſt tht Xquations of the Apogæum, which 
depend upon the ſaid Aſpect, and as it were 
make the ſame 'Table with them. Moreover, 
theſe Excentricities are again to be corrected 
by the Monthly Equation depending upon the 
Moon's Diſtance from the Syzygies: ' For when 
the Moon is in the Syzygies, the Excentricity 
(caters paribus) is greateſt. But the Excentri- 
city thus equated muſt again be (by Prop. 18 and 
19.) corrected according as the Sun's Diſtance 
from the Earth is encreas'd .or diminiſh'd ; and 
this Equation depends upon the Earth's Ano- 
maly : But theſe three Tables are calculated by 
Help of the Reſpective aforeſaid Propoſitions, 
together with the, zoth and 25th. And as the 
Mutations of the ſaid Excentricity have the 
ſame Terms and Times with the aforeſaid Mo- 
tions of the Apogæum, the two laſt Æquations 
of it, namely, the Monthly and Annual, will 
alſo very conveniently in the ſame Table be 

join'd 
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join'd to the two laſt Æquations of the Excen - 
_ tricity... Theſe Corrections are made very well 


and eaſily by the Addition or Subtraction of the 
Particulars fer down in the Table, accordin 
to the various Diſtance of the Moon from the 
Syzygies with the Sun, or the various Diſtance 
of the Earth from the Aphelium ; that is, un- 
der the ſame Titles as you had before ſet down 
the Annual and Monthly Corrections of the 
Apogzum. | 
Sixthly, You muſt add the ſaid Table of the 
Zquation of the Orbit, by which, from the gi- 
ven Time of the Moon's being in the Apogæum, 
you may find the Angle by which the Moon, 
ſeen from the Earth, is diſtant from the Apo- 
gæum. For as the Moon in its temporary El- 
liptic Orbit moves after the ſame Manner about 
the Earth in the Focus of an Ellipſis, as any 
Primary Planet moves about the Sun; that is, 
deſcribes (by a Radius drawn to the Earth) an 
Area proportionable to the Time; (at leaſt we 
now abſtract from all other Inequalities, having 
their Proportion in the other Tables of qua- 
tion of the Moon's Motion;) if the Orbit be 
given, its true Place (when it is ſeen from the 
Earth) will after the ſame Manner be found for 
a given Time, as the Place of the Primary Planet, 
ſeen from the Sun, is found ; that is, the Excen- 
tricity or Ratio of the Diſtance of the Foci to 
the greater Axis being given, from the given 
mean Anomaly of the Moon (which conſiſts in 
an Area proportionable to the Time) the c- 
guated Anomaly will be found in this Place after 
the ſame Manner as in that; namely, by Help 


of Prop. 3. B. III. or, if we may be allow'd to uſe 


Approximation, we may make uſe of ſome of the 
Propoſitions that follow in the 34 Book. Ward's 
FTY 2 Ap- 


1 1 Ex e 


Approximation is ſufficient, in which Caſe the 
quation of the Orbit, or the Æquation of 
the Excentric (which is alſo call'd the Æquation 
of the Moon's gage”. is (by Prop. 6. B. III. found 
according to the Degree of the Moon's mean 
Anomaly, and the Æquations being found for 
every Degree, are ſet down in the Tables, to 
be added or ſubtracted according to the Semi- 
Orbit, from the Apogæum to the Perigæum, 
or from the Perigæum to the Apogzum. But 
becauſe the Excentricity of the Moon's Orbit 
is continually chang'd, and it would be im- 
poſſible to conſtruct a Table for every Excentri- 
city; therefore Aſtronomers commonly con- 


ſtruct Æquation Tables of this Kind for every 


Degree, of the Mean Anomaly for the greateſt 
and leaſt Excentricity of the Orbit, and ſome- 
times alſo for the Mean; and they alſo take a 
proportionable Æquation between the greateſt 
and the leaſt, and the Excentricity belonging to 
the Lunar Orbit is between the greateſt and the 
leaſt. | 
Seventhly, a Table muſt be added ſhewing 
that Inequality of the Moon, which we have (in 
the 1ſt Prop.) ſhew'd to belong to every Satellite, 
according to the Moon's various Diſtance from 
the Syzygies. For the Moon's Motion in the 
firſt Quadrant of the Month (or as the Moon 
goes from the Conjunction to the next Quadra- 


ture) is retarded ; accelerated in the ſecond, re- 


tarded again in the third, and then accelerated 
again in the fourth. 
Tycho was the firſt that diſcover'd this Inequali- 
ty in the Moon's. Motion, and gave it properly e- 
nough the Name of Variation. But a Table of Va- 
riation is to be made from hat has been ſaid in 
Cor. Prop. 2. according as the Moon's Orbit is 
2 broad er 
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broader between the Quadratures, and narrower 
between the Syzygies, which has been ſhewn 
to be the true Track of the Moon (by Prop. 2. 
and its Corol.) The greateſt Quantity of that 
Variation is drawn from the 2oth and 25th 


Prop. and the Quantity belonging to every Di- 


ſtance of the Moon from the Syzygies (from 


Prop. 1. and 2. and the Cor. of the ad.) Beſides, 


the Variation is again to be corrected, by Help 
of the Table made by Prop. 18. and 19. For 
when the Earth is in the Perihelium, the Moon's 
Periodical 'Time is encreas'd ; and among all the 
other encreas'd Errors, this Variation (which 
we now ſpeak of) is encreas'd every Revolution 
in a Duplicate Ratio of the Time between the 
Moon's Quadratures (by Scho. Prop. 18.) This 
Correction depends upon the Earth's Mean Ano- 
maly, and alſo the other by which the Variation 
is encreas'd or diminiſhd in a Triplicate Ratio 
of the Sun's apparent Diameter, ſeen from the 
Earth. 

Eighthly, you muſt ſet down three Zquati- 
ons of the Moon's Nodes in Tables. The firſt 
of em depends upon the Aſpect. of the Nodes 
with the Sun : For (by Prop. 14.) the Nodes are 
altogether at reſt in the Syzygies; but when 
they ſtick about the Sun's Quadratures, they are 
carried very ſwiftly in antecedentia ; and eſpeci- 
ally ſo, if you compare one whole Lunation with 
another whole one. For if you regard one by it- 
ſelf, the Nodes go back ſwifteſt (by Prop. 14.) 
when the Moon is in the Syzygies: And from 
hence the Monthly Æquation of the Nodes is ne- 
ceſſary, which depends upon the Aſpects of theSun 
and Moon. The third Equation is Annual; 
for the Nodes (ceteris paribus) go back ſo much 
the faſter, as the Earth is nearer to the Perihe- 
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lium, by Prop. 19. The Quantities of thoſe . 
quations (whether they be the greateſt, or thoſe 
that agree with any Aſpect of the Nodes, or of 
the Moon with the Sun, and the Anomaly of the 
Earth) are determin'd by the 2oth and 25th Prop. 
together with the 14th and 19th. | 
Ninthly, there is Need of the ſame Correcti- 
ons to equate the Inclination of the Moon's Or- 
bit to the Plane of the Ecliptic: For (by Prop. 
T5.) it is leaſt when the Nodes are in the Qua- 
dratures with the Sun, and greateſt when they 
are in the Syzygies ; and in the ſame Lunation, 
leaſt when the Moon is in the Syzygies, and 
greateſt when it is in the Quadratures. Since 
therefore theſe have the ſame Times as the - 
quations of the Nodes (as we have ſaid before) 
in reſpect of the Aſpect of the Nodes, as well 
with the Moon as with the Sun, they eaſily fall 
in together in the ſame 'Table. And the Cor- 
rection of the Inclination of the Planes is made 
caſily, by the Particles to be added in the 
leaſt Inclination (as we have ſaid before, con- 
cerning the correcting of the Excentricity) 
which vary according to the ſaid Aſpects of the 
Nodes and of the Moon to the Sun (or, in the 
Aiirenomers Fhraſe, according to the Diſtances 
of the Nodes and of the Moon from the Sun) 
or perhaps more fitly by the Particles to be de- 
ducted from the greateſt Inclination : For this 
ſeems natural to the Moon's Orbit, becauſe it 
wou'd belong to it if the Sun did not diſturb 
its Motion. But this Inclination alſo is to be 
equated by the Annual Correction, which de- 
pends upon the Earth's Diſtance from the Sun, 
or the Earth's Anomaly, and which will fall 
into one Jable with the Annual Zquation of 
the Nodes. Ihe greateſt Quantities of thoſe 
8 7.28 
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three Æquations, and thoſe which belong to 
every Aſpect or Diſtance, are drawn from the 
15th, 18th, 19th, zoth, and 25th Propoſitions. 
Tenthly, a Table is to be made to ſhew the 
Proportion of all the foregoing Monthly Cor- 
rections, or Increments or Decrements made in 
the Syzygies, in the Conjunction and Oppoſition 
with the Sun. For (by Prop. 16.) all the Effects 
that are produc'd in the Syzygies of the Lumi- 
naries, are greater in the Conjunction, and leſs 
in the Oppoſition. 'The Proportion may be 
drawn from the Ratio of the generating Forces, 
by the foregoing Propoſitions. ; 
Eleventhly, there is added a Table of the 
Moon's Latitude, according to every Degree of 
the Diſtance from the ſaid Node. Its Conſtru- 
ction depends upon the Doctrine of Spherics. 
For in a Spherical Rectangular Triangle, beſides 
the Right Line, the Hypothenuſe is given, 
namely, the Moon's Diſtance from the Node, 
and the Angle at the Node, namely, the In- 
clination of the Plane of the Moon's Orbit to 
the Plane of the Fcliptic, (which is alſo call'd 
the Inclination of the Limits ;) therefore the Side 
oppoſite to that Angle will be found ; that is, 
the Moon's Latitude requir'd, according to the 
ſaid Diſtance from the Node. But becauſe the 
Inclination of the Plane of the Moon's Orbit 
to the Plane of the Ecliptic is different at diffe- 
rent Times, therefore commonly one Table 
only of the Moon's Latitude is made for the 
leaſt Inclination of the ſaid Planes, thoſe Par- 
ticles being join'd, which are to be added to 
the Latitude, when the ſaid Inclination is the 
greateſt. In the Mean Inclinations, ſuch a Part 
of the annex'd Particle is to be added, as is 
to the whole, as the Exceſs of the given Inclina- 
Fff 4 tion 


RJ 


33 1 ELEMENTS Book IV. 


tion above the leaſt, to the Exceſs of the greateſt 
above the leaſt ; as it is uſual in the like Caſes. 
Twelfthly, you muſt alſo ſubjoin a Table, 
ſhewing the Moon's Place reduc'd to the Eclip- 
tic for every Degree of the Moon's Diſtance 
from the Node. Its Conſtruction alſo depends 
upon the Doctrine of Spherics. For in the 
ſame 'Triangle in which the Latitude is firſt 
found out, the third Side, or the Diſtance be- 
tween the Node and the Point where the Circle 
of Latitude, paſſing thro* the Moon's Place, cuts 
the Ecliptic, js the Moon's Diſtance from the 
Node reduc'd to the Ecliptic : And the Interval 
between that and the Moon's Diſtance from the 
Node, computed in its Orbit, is call'd the Re- 
duction, and is diſpos'd into a Table according 


to Art. And as it varies according to the va- 


rious Inclination of the Lunar Orbit to the E- 
cliptic, (after the ſame Manner as before) the 


Exceſs of the foreſaid Reduction is mark'd when 


the Inclination of the Limits is the greateſt, that 
its proportional Part may be taken when the In- 
clination of the Limits is a Mean between the 
greateſt and the leaſt: For the Reduction itſelf 
is fitted to the leaſt Inclination, as the Latitude 
was before. | 

But alſo when other Errors are diſcover'd, 
other Tables muſt be conſtructed, fully and per- 
fectly to rectify the Moon's Motion, which is 
far the hardeſt Work in Aſtronomy. Let what 
we have ſaid, of the Order of theſe Tables, ſuf- 
fice in the mean Time. | 
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PrxoPOSI TION XXVII. 
explain the Order of Lunar Tables, for find- 
ing readily the Place of the Moon ſeen from 4 
given Point in the Earth's Surface. 
' Becauſe the Moon's Place ſeen from a Point 
in the Earth's Surface differs ſenſibly from its 
Place when ſeen from the Center, which laſt 
Place alone is to be found by the foregoing 
Tables; therefore Aſtronomers make Tables alſo 
to diſcover the firſt from the Knowledge of the 
laſt. And as the Parallax is all the Difference 
between the ſaid Places, the Knowledge of it is 
ſufficient. And becauſe when you know the 
Horizontal Parallax, you may find the Parallax 
of any other Elevation above the Horizon, by 
Prop. 47. B. II. therefore we have Need only of 
the Moon's Horizontal Parallax. And as the 
Moon's Horizontal Parallax varies according to 
the Moon's greater or leſs Diſtance from the 
Earth, there-muſt be made a 'Table of thoſe Pa- 
rallaxes. Now the Parallax for one Diſtance is 
known by Prop. 22. and the Moon's Diſtances 
from the Earth in the other Points of its Orbit, in 
reſpect of the Diſtance found by the ſaid 22d 
Prop. are determin'd by the Moon's Orbit, which 
has been before deſcrib'd ; therefore the Moon's 
Horizontal Parallaxes (which, by Prop. 48. B. II. 
are reciprocally as its Diſtances from the Center 
of the Earth) according to its Situation in reſpect 
of the Apogæum and Perigæum of its Orbit, that 
is, according to its mean Anomaly, are known 
and put into a Table. 

But becauſe ſuch a Table of the Moon's Ho- 
rizontal Parallaxes ſerves only for one Figure 
of the Orbit; therefore they conſtruct one for 
the greateſt Excentricity and another for the 

: 1 leaſt, 
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leaſt, and take the Moon's Horizontal Parallax 
for a given Time in the ſame Mean Ratio be- 
tween the Parallaxes agreeable to the greateſt and 
leaſt Excentricity, becauſe theExcentricity,agree- 


able to that Time, is a Mean between the great- 


eſt and the leaſt Excentricity. 
The Moon's Horizontal Farallax, thus found, 


is. to be rectified by a certain Æquation to be 


drawn from another Table, whoſe Foundation 
is as follows. It is plain from Prop. 2. that the 


Moon (cateris paribus) is farther diſtant from 


the Earth in the CIR than in the Syzy- 
gies. One may find the Proportion between 


thoſe Diſtances of the Moon from the Earth, 
from the Proportion of the Forces of the Sun 


which produce that Effect by Help of Prop. 20. 
and 25. Therefore a Table for @quating the 
Moon's Parallax conſiſts of Particles to be ſub- 
ſtracted from the Parallax, which it has in the 
Syzygies, as the Moon comes nearer to the Qua- 
drature, where (cæteris paribus) the Parallax is 
the leaſt, becauſe the Moon is the fartheſt di- 
ſtant from the Earth: Therefore this Æquation 
is Monthly, depending upon the Syzygies of 
the Sun and Moon. | 
But this Parallax of the Moon is alſo affected 
by the Annual Zquation ; as being leſs when 
the Earth is in the Perihelium, and greater when 
it is in the Aphelium, (caters paribus) becauſe 


the whole Lunar Syſtem is in this Caſe contract- 


ed, but dilated in the other, by Prop. 17. This 
Equation depends upon the Earth's Mean Ano- 
maly, and is conſtructed by Help of the 17th, 
2oth, and 25th Propoſitions. 5 


PR O- 
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PROPOSITION XXVIII. 


70 find the Moon's Place, ſeen from any Place 


of the Earth's Surface, for a given Time, by 
Help of the Tables above deſcrib” d. 
Let the Time, reckon'd at the Place given, 


de (by Prop. 32. B. II.) reduc'd to the Time which 


is reckon'd under the Meridian of the Place for 


vhich the Tables are calculated; and when (by 
Prop. x7. B. III.) it is equated to it, let the Sun's 


Place be found. 
At the Epocha mark'd in the Table, which 
oes before the given Time, mark the Mean 
Places of the Moon, of che Moon's Apogzum, 
and of the aſcending Nodes; and collecting the 
Mean Motion of thoſe three made from that 
Epocha to the Time given, add the two firſt to 
the aforeſaid Places oft he Moon and the Apoge- 
um, that they may become the Mean Places of 


them for the Time given; and let the Motion of 


the Node made in the mean while be ſubſtracted 
from the radical Place (becauſe they are mov'd 
in antecedentia) to have its Mean Place ; and 
let the Moon's Mean Place be corrected by that 
Zquation depending upon the Earth's Mean 
Anomaly ; Of which ſee Sectt. III. Prop. 26. 
Moreover, let the Mean Place of the Apogæ- 
um be corrected by the three Equations, of 
which we have ſpoken in the IVth Seck. of the 
ſaid 26th Prop. For the Sun Place being given, 
and the true Place of the Apogzum nearly, 
the Aſpect of the Lunar Apogzum with the 
Sun is given, and from thence the Æquation 
that depends upon it. Likewiſe, becauſe as 
well the Sun's true Place, as the Moon's true 
Place nearly is known, the Moon's Aſpect to the 
Sun is alſo known, and trom thence the Monthly 
| qua: 
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g Equation of the Apogæum that depends upon by 
= it. And an Annual Equation of the Apogæum ſpe 
= agreeable to the Earth's Mean Anomaly (firſt Pl 
| neceſſary to determine the Sun's Place) will be re: 
found in the third Table of Æquation. And ye 
this Zquation is the true Annual one depend- -— 

ing upon the Earth's Period about the Sun; for 
that firſt, which depends upon the Aſpect of the fir 
Moon's Apogzum with the Sun, is by ſome N 
improperly call'd Annual, ſince its Period is not tr 
finiſh'd in leſs than 400 Days; the Sun re- P! 
quiring that 'Time, that being gone from the th 
Lunar Apogæum it may again follow the Apo- | CC 
gæum which is carried in conſequentia. So alfo th 
the Excentricity of the Moon's Orbit, taken g1 
out of the Table from the Sun's Apogæum, 1 P 
corrected by the Monthly and thè Annual E- re 
quation. 0 

Having therefore found the true Place of 

the Moon's Apogæum, and the Moon's Mean tl 
Place being firſt corrected, by taking the firſt c 
from the laſt, the Remainder is the Moon's le 


Mean Diſtance from its Apogæum reckon'd or 2 
I number'd zz conſequentia, or the Moon's Mean g 
Anomaly ; agreeable to which you will (in the I 
Table of Set. VI. Prop. 26.) find the Proſta- . 
pherefis for the Excentricity of the Orbit before | t 
found, by which the Moon's Mean Place, before v 
corrected, being again rectified, will give the 1 
Moon's Place more correct, or Equated, as ſome c 
call it. 1 
From the Moon's Equated Place lately found, 
and the Sun's Place firſt of all determin'd, the f 
Y Aſpect of the Sun and Moon is now enough 
=—_ known, and the Variation that depends upon it, | 
| is known by the 'Table, of which we ſpoke in | 
Y ect. VII. Prop. 26. but even this is to be carrected 


by 
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by the double Annual Æquation, of which we 
ſpoke in the ſame Place. The Moon's equated 
Place is to be corrected by the Variation cor- 
reed in the abovemention'd Manner; and thus 
you will have to the greateſt Nicety the Moon's 


Place in its Orbit, or in reſpect of its Apſis. 


Now in order to reduce it to the Ecliptic, 
firſt of all we muſt determine the Places of the 
Nodes. And as the Sun's true Place, and the 
true Place nearly of the Nodes, or their mean 
Place will be given, ſo likewiſe will be given 
the Aſpect of the Nodes with the Sun, and 
conſequently its correſpondent Equation from 
the Table, of which we made mention in the 
8th Sect. Prop. 26. by which the Node's mean 
Place being corrected is again to be twice cor- 
rected by the Monthly and Annual Zquation 
of which we alſo ſpoke there. 

At the ſame Time, from the ſame Aſpect of 
the Nodes to the Sun, may be gotten the Ex- 
ceſs of the Inclination of the Limits above their 
leaſt Inclination (or their Defect from the 
greateſt) by which the leaſt Inclination (or the 
greateſt) is to be corrected, that it may become 
more exact: But it is again twice to be corrected, 
namely, according to the Moon's Aſpect to 
the Sun, and the Earth's mean Anomaly ; of 


which Tables of Equations we have ſpoken 
in Sect. 9. Prop. 26. If the moſt correct Place 
of the Moon in the Syzygies be requir'd, you 


may alſo have the Proportion of that Corre- 


Ction, which we have ſpoken of in Sed. 10. 


Prop. 26. | 
But becauſe the true Places of the Node and 


the Moon's Apogæum in the Ecliptic, and the 
Inclination of the Moon's Orbit to it are known 
by the Reſolution of a Rectangular Spherical 
| Tri- 
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Triangle, in which, beſides the Right-Angle, 
one of the Angles, and one of the Sides next 


to the Right-Angle are given, the Diſtance of 


the Apogzum from the Node, computed in the 
Moon's Orbit, is found; 972. the Hypothehuſe. 
And the Moon's Place in its Orbit reckon'd from 
the Apogzum is found: And therefore the Di- 
ſtance of the Moon from the Node, reckon'd 
in the Lunar Orbit, will be alſo known. And 
as the Inclination of the ſaid Lunar Orb to the 


Ecliptic is alſo given; there will be found both 


the Moon's Latitude, and its Place in the E- 
cliptic, either by the Reſolution of the rectan- 
gular Spherical Triangle, comprehended be- 


'. tween the Lunar Orbit, the Ecliptic, and the 
Circle of Latitude, or ſooner by the Tables of 


Latitude and Reduction, (of which ſee Sect. XI. 
and XII. Prop. 26. where the ſaid 'Triangle is 
reſolv'd) whoſe Uſe is enough known, and this 
Diſtance of the Moon, from the Node computed 


in the Lunar Orbit, is call'd the 1 of 


Latitude. 

"Therefore the true Place of cls Moon is 
found, (that is, its Flace ſeen from the Center 
of the Earth) as well in Longitude as in Lati- 


tude. But to find what Situation a Phenomenon 
of given Longitude and Latitude has in a given 


Horizon, that is, what Altitude and what Ver- 
tical it has at a given Time, is a Problem eaſy to 
be ſolv'd by the Doctrine of Spherics: For it is 
the Inverſe of Prop. 26. and 2). B. II. Now if 
the Moon's apparent Place, or that in which it 
is ſeen, be deſir d, you muſt in the firſt Table, 
(ſee Prop. 24.) note the Parallax agreeable to 
the Excentricity of the Moon's Orbit and Mean' 
Anomaly before known, which you mult cor- 


rect by the Monthly and Annual Aquations, of 


which 
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which we ſpoke in the ſaid Prop: 27. From the 
Horizontal Parallaxes (by Prop. 47. B II.) find 
the Parallax agreeable to the Altitude before 
found, which being ſubſtracted from the firſt, 
and you will have the Moon's apparent Altitude: 
And there is no other Difference between the 
Moon's true and apparent Place, beſides this De- 


creaſe of Altitude or Parallax, and the common 


one ariſing from the Refraction of the Rays paſ- 
ſing thro* the Atmoſphere, of which ſee Prop. 
64. and 65. B. II. As for the Mutations of Longi- 
tude and Latitude which are owing to the Paral- 
laxes and Refraction, you may gather them from 


Prop. 63. and 68. B. II. Therefore the Moon's 


Place is found, as well the true one, as that ſeen 
ſrom any Point of the Earth's Surface, both in 
Longitude and Latitude. & E. F. 


770 PROTOSTTION XXIX. 
5 85 give a ſhort Account of ſuch of the fore- 


mention'd Corrections concerning the Moon's 
Motion as have been hitherto taken Notice of by the 
Conſtructors of Tables, and /nch of them as have 
been neglected. 

Firſt, they neglect all the Annual Zquations 
or Corrections depending upon the various Di- 
ſtance of the Earth from the Sun, which have 
been explain'd in Prop. 18. and 19. and conſider 
only that which arifes from the encreas'd and 
diminiſh'd Periodical Time of the Moon about 
the Earth, from the diminiſh'd or encreas'd Di- 
ſtance of the Earth from the Sun; that is, which 
depends upon the Earth's Mean Anomaly. Nay, 


tho* this Inequality was obſerv d by Tycho, Kepler, 


and Horox, yet they confounded it with the 
others: For by reaſon thereof they were com- 
pell'd (by the Nature of Things) to reduce the 

Appa- 
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Apparent to the Mean Time in reckoning the 
| Moon's Places another Way than they us'd to 


do in reckoning the Places of the Sun and other 
Fix'd Stars; and eſpecially Tycho quite left out 


that Part of the Zquation of 'Time which de- 


pends upon the Earth's Mean Anomaly, upon 
which alſo this Inequality of the Moon depends. 
But Kepler and Horox, having carried the Matter 
farther for their equating of Time, make uſe of 
an additional Phyſical Part, when the true and 
Aſtronomical one may be taken away, and ſo on 
the contrary. 'The moſt ingenious Dr. Haley 
was the firſt that ſeparated this Inequality 
(which Mr. James Gregory ſuſpected to belong to 
the Moon, in the Schol. of Prop. 86. of his Optics) 
from the others, in a Treatiſe ſubjoin'd to his 
Catalogue of the Southern Fix d Stars. But it is 
plain from the foremention'd Prop. 18. and 19. 
that all the Inequalities of the Moon want a 
double Annual Correction, to make them true 
and exact. 
Laſtly, all the Monthly Equations ariſing 
from the Aſpect of the Sun and Moon are neg- 
lected, except the Variation only. Tis true, 


indeed, that ſome of them are almoſt compenſa- 


ted by others; as fof Example, the Monthly Va- 
riation of the Limits, and the Monthly ÆEquati- 
on of the Nodes, ſo take off and correct one 
another, that they may be both neglected in 
determining the Moon's Latitude ; but the 
Monthly Equations of the Motion of the A- 
pogzum, and of the Difference between the 
leaſt and greateſt Excentricity, and thoſe of 
the Nodes and of the Inclination of the Moon's 
Orbit to the Ecliptic, are the Baſis and Founda- 
tion of the other Inequalities, which depend up- 
on the Aſpect of the Sun and the Apogæum, 5 
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of the Sun and the Nodes; as may befully gather'd 


from the 10th, 11th, 12th, 13th, 14th and 15th . 


Propoſitions. Likewiſe the Monthly Æquation 
between the New Moon and Full Moon (of which 


we ſpoke in Prop. 16.) is neglected. 


And thoſe Xquations which affect the Moon's 
Motion, whether real or apparent, (of which 


we ſpoke in Prop. 2.) ariſing from the greater 


Diſtance of the Moon from the Earth, in the 


Quadratures than in the Syzygies, are altoge- 
ther neglected: Neither is the Difference of the 


Moon's Diſtance from the Earth conſider d o- 


therwiſe than as ariſing from the Excentricity 
of the Orbit; and depending upon the mean 
Anomaly ; whence alſo the Monthly Zquation 
of the Horizontal Parallaxes (Prop. 27.) is alſo 
neglected. 2 
But thoſe Xquations which depend upon the 
Aſpe& of the Sun and the Lunar Apogæum 
(mention'd in Prop. 11th, and 13th.) and alſo 
thoſe which depend upon the Aſpect of the Sun 
andthe Nodes (treated of in Prop. i th, and 15th.) 
are conſider d by Aſtronomers. For they are far 
the greateſt, and make up a great Part of the 
Inequalities of the Moon's Motion. 

For the Conſtruction of Tables therefore, 


beſides the foregoing Zquations depending upon 


the Aſpect of the Sun with the Moon's Apoge- 
um or Nodes, an Annual and a Monthly ZAqua- 
tion (which we ſpoke of before) is to be conſi- 
der'd. But the Equations of the Moon's Moti- 


on, in ſeveral Lunar Tables, have Titles ſo dif- 


ferent from the true Periods of theſe Inequalities, 
that it is difficult enough to aſſert, which of them 
the Conſtructors conſider'd, and which of them 
they neglected. And ſometimes alſo ſome In- 
equalities are mix'd and confounded with others: 

Ggg Ol 
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As for Example, they do not purely deduce, from 
the Moon's Orbit given, the Æquation of the 
Excentric (or of the Moon's Center) but as it 
were confuſedly mix it with the others ; as with 
that Part of the Inequality of the Variation that 
depends upon the Time between the Quadra- 
rures, which ariſes from the Situation of, the 
Moon in reſpect of its Apogzum ; ſee Schol. 
Prop. 18. But as they made their 'Tables not 
from known Phyſical Cauſes and their Periods, 
but only by attending to Obſervations ; it is no 
Wonder if they did not rightly diſtinguiſh the In- 


equalities from one another, and diſpos'd them 


under foreign or leſs proper Titles. 


| SCC / ˖ „ 

I have thought fit to ſubjoin the Theory of 
the Moon made ule of by Sir [/aac Newton, by 
which this incomparable Philoſopher has com- 
pafs'd this extremely difficult Matter, hitherto, 
deſpair'd of by Aſtronomers ; namely, by Cal- 
culation to define the Moon's Place even out 
of the Syzvgies, nay, in the Quadratures 
themſelves ſo nicely agreeable to its Place in 


the Heavens (as he has experienc'd it by ſeveral 


of the Moon's Places obſerv'd by the ingenious 


Mr. Flamſtead) as to differ from it (when the 
Difference is the greateſt) ſcarce above two Mi- 
nutes in her Syzygies, or above three in her 
Quadratures; but commonly ſo little that it may 
well enough be reckon'd only as a Defect of the 
Obſervation. In this Calculation, which we give 
in the Words of the Author, he does not wholly 
mention all the Inequalities, whoſe Cauſes are 
above explain'd, nor thoſe which are as yet only 
ſuſpected ; but omitting thoſe which he knew 
wou'd take off one another, and others of leſs 
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Moment, he only confines thoſe to Æquations 
and 'T ables, that have the greateſt Force and 
produce the moſt ſenſible Effects. 


Sir Iſaac Newton's Theory of the Moon. 


The Royal Obſervatory at Greenwich, is to the 
Weſt of the Meridian of Paris 20. 19, of Urani- 
burg 129. 5 . 3o", and of Dantzick 187. 48. 

I put down the Sun and Moon's Mean Moti- 
ons from the Vernal Zquinox at the Meridian 
of Greenwich as follows: vx. the laſt Day of 
December 1680 Old Style, at Noon, the Sun's 
Mean Motion, was 968. 20*. 34. 46”. That of 
the Sun's Apogæum zig. 7. 23“. 30“. The 
Moon's Mean Motion og. 17. 45. 45”. That 
That 
of the aſcending Node of the Moon's Orbit 
5%, 245. 14. 35“/. And December, the laſt Day, 
1700 Old Style, at Noon, the Sun's Mean Motion 
was 96s, 20. 43'. 5o”. That of the Sun's Apo- 
gæum 3\s, 9%. 44“. 30“. The Mean Motion of 
the Moon 1ofs. 15. 19“. 500. Of the Moon's 
Apogæum 11686. 8*. 18“. 20“%. And of the aſ- 


cending Node 44s. 2%. 24. 20”. For in Twenty 


Julian Years, or in 7305 Days, the Sun goes 
thro' 20tev. oſig. Ob. of. 4”. The Motion of the 
Sun's Apogæum 21“. o The Moon's Motion 
267. A. 13*. 34. 5 The Motion of tp 
Of the 
Node freu. ofs, 26“. 50'. 15”. All the foreſaid 
Motions are from the Point of the Vernal Zqui- 
nox. And if from them be ſubſtracted the Pre- 
ceſſion, or Retrograde Motion of the Æquino- 
ctial Point it ſelf, which has mov'd in the mean 
Time in antecedentia, viz. 16'. 40“: The Mo- 


tions will remain in reſpect of the Fix'd Stars 
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in 20 Julian Years, viz. the Motion of the 
„ / That of the 
Sun's Apogzum 4. 20". Of the Moon 247. 
45. 135. 17. 25“. Of the Moon's Apogæum 
a. 3%. 3*®. 33" 25%. Of the Moon's Node 1. 
„„ DD” 

According to this Computation, the Tropical 
Tear is 365d ghours, 480. 57“. And the Sydereal 
Tear, 3654355, Ghours 95 13 5 

The Mean Motions of the Luminaries above- 
mentioned have ſeveral Inequalities. 

Firſt, there are the Annual Zquations of 
the ſaid Mean Motions of the Sun and Moon, 
and of the Apogæum and Node of the Moon. 
The Annual Zquation of the Mean Motion of 
the Sun depends upon the Excentricity of the 
Earth's Orbit about the Sun, which is 165 of 
ſuch Parts as the Mean Diſtance of the Sun 
from the Earth is 1000; and therefore is call'd 
the Zquation of the Center : And when great- 


eſt, it is 1*. 56. 20”, The greateſt Annual 


Zquation of the Moon's Mean Motion is 11' 
49”. of its Apogæum 200. and of the Node 9“. 
30”, And thoſs four Annual Zquations are 
proportionable to each other: Therefore when 
any one of them is the greateſt, the three o- 
thers are the greateſt; and when any one is 
diminiſh'd, the others are alſo diminiſh'd in the 
ſame Proportion: Whence if the Annual Æqua- 
tion of the Sun's Center be given, you have the 
other three Equations agreeable to it; therefore 
the Table of that alone is ſufficient. For if the 
Annual Zquation of the Sun's Center, agree- 
able to any Time taken out of it, be call'd P, 
and t P=Q, GE Q = R, 3 PSD, D 
is D = L, and D- g D = 2 #; the Annual 
Egquation of the Moon, agreeable to that Time, 
— "I 
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will be R, that of the Moon's Apogzum E, and 
that of the Node F. It is to be noted, that if 
the Zquation of the Sun's Center is to be added, 
the foreſaid Æquation of the Moon is to be ſub- 
tracted, that of the Lunar Apogzum to be ad- 


. ded, and the Æquation of the Node to be ſub- 
tracted: And on the contrary, if the Æquation 


of the Sun's Center is to be ſubtracted, the; 
Moon's Æquation is to be added, that of the 
Lunar Apogæum to be ſubtracted, and that of 


the Node to be added. 


There is another Æquation of the Moon's mean. 
Motion, depending upon the Situation of the 
Moon's Apogzum in reſpect of the Sun, which 
is the greateſt when the Apogzum of the Moon 
is in the Octant (or at half Right-angles) with 
the Sun, and none at all when it is come to the 
This Zquation, 
when greateſt, riſes to 3/. 560, the Sun being 
in the Perigæum; but if the Sun be in the Apo- 
gæum, it is not above 3“. 34”. In other Diſtances 


of the Sun from the Earth, this greateſt Æqua- 


tion is reciprocally as the Cube of that Diſtance. . 


But when the Moon's Apogæum is out of the 


Octants, the ſaid Equation becomes leſs, and is 
to the greateſt Æquation (ſuppoſing the Diſtance | 
of the Sun from the Earth to remain the ſame,) 
as the Sine of twice the Diſtance of the Moon's 
Apogzum from the next Syzygy or Ie, 
to the Radius. This is added to the Moon's 
Motion, whilſt the Moon's Apogzum paſſes from 
the Sun's Quadrature to the Syzygy 3 but is ta- 
ken from it, as the Apogzum goes from the 
Syzygy to the Quadrature. 

Moreover, there is another Æquation of the 
Moon's Motion depending upon the Aſpect of the 


Nodes of the Moon's Orbit with the Sun ; and 
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it is the greateſt when the Nodes are inthe Octants 
with the Sun, and vaniſhes when they come to 
the Syzygies or 88 This Æquation 
is proportional to the Sine of twice the Diſtance 
of the Node from the next Syzygy or Quadra- 
ture, and when greateſt riſes to 47//. This is 


added to the Moon's Motion, when the Nodes 


paſs from the Sun's Syzygies to his Quadratures ; 
but is ſubſtracted, when they paſs from the Qua- 
dratures to the Syzygies. 

From the Sun's true Place take away the 
mean Motion of the Moon's Apogzum equated, 
as was before ſhewn ; the Remainder will be the 
Annual Argument of the ſaid Apogzum. 'Then 
reckon the Moon's Excentricity and the ſecond 
Zquation of its Apogzum in the following Man- 
ner, | which alſo obtains in the Computation of any 
other intermediate Aquations:] Let T (Fig. 
XXVII.) repreſent the Earth; TS, a Right 
Line joining the Earth and Sun; TACB a 
Right Line drawn from the Earth to the mean 


Place of the Moon's Apogzum equated as be- 


fore; let the Angle £'T A, be the Annual Argu- 
ment of the ſaid Apogzum; T A the leaſt Ex- 
centricity of the Lunar Orbit, and T B its great- 
eſt Excentricity. Biſſect A B and C, and about 
the Center C, with the Interval CA, deſcribe the 
Circle AFB; let the Angle BCF be made equal 
to twice the Annual Argument: Then ZF be- 
ing drawn will be the Excentricity of the Lunar 
Orbit; and the Angle BTF the ſecond qua- 
tion of the Lunar Apogzum. In order to deter- 


mine them, let the mean Tiſtance of the Moon 


from the Earth, or the Semi-diameter of the Lu- 


nar Orbit conſiſt of 2000000 Parts; its greateſt 


Excentricity T B, will conſiſt of 66782 of thoſe 
Parts, and the leaſt TA, 43319 ſuch Parts fo 
| e ” thar 
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that the greateſt Æquation of its Orbit, viz. 
when the Apogzum is in the Syzygies, ſhall be 
79, 29/. 3o', or perhaps of 7. 4o'. oo" ; (for 
there is Reaſon to ſuſpect that that Equation va- 
ries according as the Apogzum is in S or ;) 
but when it ſticks in the Quadrature, the ſaid 
greateſt Xquation muſt be 4®. 57'. 56”. and 
the greateſt Xquation of the Apogæum 129. 


15 


Having upon theſe Principles conſtructed a 
Table of the Equations of the Moon's Apogæ- 


um, and the Excentricity of its Orbit for every 


Degree of the Annual Argument, whence the 
Excentricity F and the Angle BT F (name- 
ly the ſecond and chief Zquation of the Apo- 
gæum) agreeable to a given Time, may be ea- 
fily taken; to the Place of the Moon's Apogæ- 
um firſt equated as before, add the lately found 
Zquation, if the Annual Argument be leſs than 
90, or greater than 180, but leſs than 270; 
but if it be otherwiſe, let it be ſubſtracted from 
it: And then the Sum or Difference will be the 


Place of the Moon's Apogæum equated a ſecond 


Time; which being ſubſtracted from the Moon's 
Place, equated a third Time, the Remainder will 
be the Moon's mean Anomaly agreeable to a gi- 
ven Time. Moreover, from that mean Anoma- 
ly of the Moon, and the Excentricity of the Orb 
lately found, you will have (by Help of the Ta- 
ble of Æquat ions of the Center of the Moon cal- 
culated for every Degree of the mean Anomaly, 
and ſome Excentricities, viz. 45000, 50000, 
55000, 60000, and 65000) the Proftaphereſis or 
Equation of the Center of the Moon, as common»: 


ly; which being ſubtracted in the firſt Semicir- 


cle or 180® of the mean Anomaly, and added in 
the laſt, to the Moon's Place, hitherto three 
Egg 4 Times 


— = 
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Times equated, you will have the Moon's Place 


equated a fourth 'Time. 


The Moon's greateſt Variation, namely, that 


which happens when the Moon is in the Octants 
with the Sun, is almoſt reciprocally as the Cube 
of the Diſtance of the Sun from the Earth: Let 


it be taken equal to 37. 25”. when the Sun is 


in the Perigæum, and 33'. 4'. when it is in the 
Apogzum : And let the Difference of this Va- 
riation in the Octants be reciprocally as the 
Difference of the Cubes of the Diſtances, of the 
Sun from the Earth, and from thence conſtruct 
a Table of the aforeſaid Variation of the Moon 
in_the Sun's Octants (or the Logarithms of it) 
for every ten, or fix, or five Degrees of the 


mean Anomaly : And for the Variation out of 


the Octants, as the Radius is to the Sine of twice 
the Diſtance of the Moon from the next Syzygy 
or Quadrature, ſo let the above- found Varia- 


tion in the Octant be to the Variation agreeable 
to the given Aſpect, which being added to the 


Moon's Place above-found in the firſt and third 
Quadrant (reckoning from the Sun) or ſub- 
tracted from it in the ſecond and fourth, 
will give the Moon's Place equated a fifth 
Time. 

Again, as the Radius is to the Sine of the 
Sum of the Diſtances of the Moon from the Sun 
and of the Moon's Apogzum from the Sun's A- 
pogæum, (or to the Sine of the Exceſs of that 
Sum above 360®) ſo is 2/. 10”. to a ſixth Zqua- 
tion of the Moon's Place, which is to be ſubtract- 
ed, if the aforeſaid Sum or the ſaid Exceſs be leſs 
than a Semicircle, and to be added if greater. 

As the Radius is to the Sine of the Moon's 
Diſtance 8 Sun, ſo alſo let 2. 20%. be 
to a ſeventh Æquation. Take that away 1 3 

| tne 
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the Moon's Light encreaſes, and (on the con- 
trary) add it when the Light diminiſhes, and 
you'll have the Moon's Place equated a ſeventh 


Time, which is alſo its Place in its proper Orbit. 
It is to be obſer vd, that the Æquation which is 


here expreſs'd by the Mean Quantity 2. 20". 
is not always of the ſame Magnitude, but en- 


creaſes and diminiſhes according to the Situation of 
the Lunar Apogæum. For if the Lunar Apo- 
be in Conjunction with the Sun's Apoge- 

um, the foreſaid Æquation becomes greater by 
54; if it be oppoſite to it, it is as much leſs: 
And it varies between the greateſt Quantity 3“ 

14“; and the leaſt 1'. 26", And theſe Things 
hold good when the Lunar Apogzum is in the 
Sun's Sy zygies; but when it ſticks in the Sun's 
Quadrature, - the foreſaid Æquation is to be di- 


miniſnh'd about 50% or one whole Minute, when 


the Moon's Apogæum and the Sun's are in Con- 
junction; but if they are in Oppoſition, I can't 
determine (for Want of Obſervations) whether it 
is to be encreas'd or diminiſh'd. Neither can I 
affirm any Thing certain concerning the afore. 
ſaid Encreaſe or Decreaſe of the Equation by 2. 
20”, for Want of Obſervations exact ug. 
If the ſixth and ſeventh Zquation are encreas d 
or diminiſh'd in a reciprocal Ratio of the Di- 


ſtance of the Moon from the Earth, that is, in 


a direct Ratio of the Moon's Horizontal Paral- 
lax; they will become more exact. And that 
may be readily done, if Tables be firſt conſtruct- 
ed for every Minute of the ſaid Parallax, and 
every ſixth or fifth Degree as well of the Argu- 
ment of the ſixth Æquation, for the ſixth qua- 
tion, as of the Diſtance of the Moon from the 
Sun; for the ſeventh. 


From 
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From the. Sun's true Place take away the 


mean Motion of the Moon's aſcending Node 
equated as before; the Remainder will be the 
Annual Argument of the Node ; whence its ſe- 


cond ÆEquation will be computed in the follow- 
ing Manner: Let T (Fig. XXVII.) repreſent 
the Earth as before; T'S a Right Line joining 
the Earth and the Sun: Moreover, let TACB 


repreſent a Line drawn to the Place of the 


Moon's aſcending Node equated as before, and 
S'T A the Annual Argument of the Node. Let 


ZA be taken in the ſame Ratio to A B, as 56 to 
3, Or 18; to 1. Biſſect BA in C, and about the 


Center C, with the Interval CA, or CB, draw 


the Circle AFB, and let the Angle BCF be 


equal to twice the Argument of the Annual 


Node found as before; and the Angle BT will 


be the ſecond Æquation of the aſcending Node, 
to be added whilſt the Node goes from the Sun's 
Quadrature to the Syzygy, and ſubtracted as 


the Node goes from the Syzygy to the Quadra- 
ture. And ſo you have the true Place of the 


Node of the Moon's Orbit: Whence, from Tables 
conſtructed after the common Manner, may be 
computed the Moon's Latitude, and the Reducti- 
or of the Moon from its Orbit to the Ecliptic, 


ſuppoſing the Inclination of the Moon's Orbit 


to the Plane of the Ecliptic to be 4*. 59". 35“. 
when the Nodes are in the Sun's Quadrature ; 
and 5*. 17. 20”, when they are in the Syzygies. 
From the Longitude and Latitude lately found, 
and the given Obliquity of the Ecliptic of 23“. 
29”, the Moon's Right Aſcenſion and Declina-, 
tion will be found. 

I put down 57%. 3o”. for the Parallax of the 
Moon in the Syzygies, when it is in its mean 
Diſtance from the Earth; 33“. 32”. 32”. for the 


Horary 
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Horary Motion; and 31'. 30”. for the apparent 

Diameter. But in the Moon's Quadratures at a 

mean Diſtance from the Earth, I make the Ho- 
rizontal Parallax to be 59'. 40”. the Horary 
Motion 32. 12”. 2”. and the apparent Diame- 
ter 31'. 3”. The mean Diſtance of the Moon's 
Center when it is in an Octant with the Sun, is 


_ diſtant from the Earth's Center about 605 Semi- 


diameters of the Earth. 
I ſet down 10“ for the Sun's Horizontal Pa- 


rallax ; and 32. 15". for its apparent Diameter 


in its mean Diſtance from the Earth. 

The Earth's Atmoſphere, by refracting and 
diſſipating the Sun's Light, caſts a Shadow juſt 
as if it was an opaque Body, as far as the Height 
of 40 or 50 Geographical Miles: (I call a Geo- 
graphical Mile, the 60" Part of a Degree of a 
great Circle on the Earth's Surface:) This Shadow 
in an Eclipſe of the Moon falling upon the Moon, 
encreaſes the Earth's Shadow. . And Seconds in 
the Moon's Diſc anſwer to Miles in the Earth's 
Atmoſphere : Therefore the Semidiameter of 
the Earth's Shadow projected in the Moon's 
Diſc, is to be encreas'd about 50 Seconds, (or 
what comes to the ſame) in a Lunar Eclipſe the 


Horizontal Parallax is to be augmented in a Ra- 


tio of about 7o to 69. | | 
If ſeveral Places of the Moon nicely obſerv'd 
(chiefly about the Quadratures) be compar'd 
with the Places of it calculated for the ſame 
Time in the Theory above; it will appear whe- 
ther or no there are any ſenſible - Equations 
wanting to make it more perfect. 
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PROPOSITION XXX. 


| TO determine the Time of a Mean Conjunction 


or Oppoſition of the Sun and Moon next follow- 
ing a given Time. 

A mean Conjunction is, when the mean Place 
of the Sun is the ſame with the mean Place of 
the Moon in the Ecliptic : And a mean Oppoſi- 
tion is when the former is in Oppoſition to the 
latter, in the Tables of the mean Motion of the 


Moon from the Sun, get the mean Diſtance of 


the Moon from the Sun for the given Time (re- 
duc'd to a Mean) which if it be none, or fix 
Signs, then there will be either a mean Conjuncti- 
on, or a mean Oppoſition ; if it be leſs, note the 
Difference, (or the Arc which the Moon will run 


_ thro? in order to overtake the Sun again, if you 


want a mean Conjunction, or in order to be fix 


Signs diſtant from it, if you want a mean Oppo- 


tion,) and from the Table of the mean Motion 
of the Moon from the Sun, in Days, Hours, 
and Parts of Hours, gather the Time requiſite 
for that Arc to be paſs'd thro'; namely, by al- 
ways ſubtracting from the Arc, yet to be run 
thro', the next lefſer Arc found in the 'Table, 
by marking the Time required to run thro' the 
ſubtracted Arc, and gathering thoſe Times into 


one Sum: This being added to the given Time, 


will make up the Time of the mean Syzygy re- 
quir'd. 8 EY 
If the Times on each Side the Syzygies be re- 


2 to the afore- found Time muſt be added 


the Time of one whole Revolution of the Moon 
about the Sun; and you will find the Time of 


the next mean Syzygy. And this may be re- 


peated as often as you will, and ſo any Number 
of Syzygies may be found. 
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PRO POSITION XXXI. 
TO determine the Time of the next true Conjun- 
1 ction or Oppoſition of the Sun and Moon for a 
given Time. bh 
A true Conjunction of the Sun and Moon hap- 
pens, when the Sun's true Place is the ſame with 


the Moon's true Place corrected and reduc'd to 


the Ecliptic ; and a true Oppoſition, when the 
former is in Oppoſition to the latter. Having 
found (by the foregoing Propoſition) the 'Time 
of the next mean Syzygy (which need not be ex- 
actly determin'd, it being ſufficient nearly to do 
it) find (by Prop. 18. B. III. and Prop. 28. 
B. IV.) the true agreeable Places of the Sun and 
Moon, which, if either they coincide together 
or are oppoſite, the mean and true Syzygies will 
alſo coincide ; but if they don't, mark the Di- 
ſtance of the Moon from the Sun, namely, that 
Arc by which the Moon either has not yet reach d 
or has paſs'd the Sun or its Oppoſition. But to 


find out the Space of Time, in which the Moon 


will go thro', or has gone thro' ſuch an Arc, 
you muſt uſe the following Method : Find out 


the Places of the Sun and Moon for the Hour 


before or after that Point of Time for which you 
already have them ; by which Means you will 
have the Sun and Moon's Horary Motions, and 
conſequently their Difference, or the Horary 
Motion of the Moon from the Sun for the given 
Time; that is, the Space of Time (v2z. an Hour) 
requir'd for the Moon to move from the Sun 
thro' a known Arc in the Manner before found. 
And therefore, ſuppoſing the Sun and Moon to 
move equably in that ſmall Time that the true 
Syzygy may be diſtant from the mean Syzygy, 


you will have the 'Time requir'd for the Moon 
to 
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to move from the Sun the Length of the Arc of 
its Diſtance from the Sun at the Time of the 
mean Syzygy. That Time added to the Time 
of the mean Syzygy, if the Moon has not yet 
reach'd the Sun or its Oppoſition, or taken from 
it, if it has already paſs'd it, will give the requir'd 
'Time of the true Syzygy. 

If the greateſt Exactneſs be defir'd (as is done 


in the Ecliptical Syzygies) at the Time of the 


true Syzygies lately found, find again the Sun 


and Moon's Places, and if they happen to be juſt 


together, or preciſely oppoſite, the Thin 
done; if not, let that Time be again e he 
as before; viz. from the (almoſt) true Time of 
the true Syzygy already found, find the (exact- 
ly) true Time after the fame Manner as you 
2 the (almoſt) true Time, from the before 
found Time of the Mean Syzygy. 

Thoſe that make Calculations don't endea- 
vour to find the Horary Motion of the Moon 
from the Sun, agreeable to the mean Syzygy, 
after the Manner that we have taught; but take 
it out of the Tables, where the Horary Motions 
of the Sun and Moon are ſet down according to 
the Degree of Anomaly which they reſpective- 
ly have; and that not amiſs in the Sun,' but in 
the Moon, which is ſubject to ſo many Inequa- 


lities, we ought to procetd more cautiouſly : 


But a farther Correction takes off all Error, that 
may ariſe from hence. After the ſame Manner, 
the 'Time of any other Aſpects of the Sun and 
Moon _y be determin' d, 
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SECTION VII. 
Of the Moon's Eclipſe. 


| bw in the third Book ſpoken of the 

Earth's true Motion about the Sun, to 
which the apparent Motion of the Sun about 
the Earth anſwers in all Things; and in this 
Fourth Book, treated of the various Motions 
of the Moon ſeen from the Earth; and of all 
thoſe Things which appear in the Heavens by 
means of the Diurnal Rotation of the Earth 
about its own Axis, in the Second Book ; from 
what has been before laid down, it is eaſy to 
deduce whatſoever happens to the Sun and 
Moon. But becauſe the Eclipſes of the Lumi- 
uaries are ſome of the moſt remarkable Appear- 
ances in the Heavens, and Aſtronomy owes a 
great deal to their Contemplation and Calcula- 
tion, and to the finding out of the Cauſes of 
them ; after the Manner of others we will treat 
of them by themſelves, eſpecially ſince here oc- 
cur ſeveral Speculations worthy to be fully dif- 
cuſs'd. To which End we mult lay down ſome 
Lemma's for each of the Eclipſes concerning 
the apparent Semidiameters of the Luminaries, 
the Shadows of the Earth, and Moon, Oc. 
which are commonly call'd the Diagram of Hip- 
parchys, becauſe by the Compariſon of them 
(which is eaſy in a Diagram) Hipparchus at- 
tempred to define the Magnitudes and Diſtances 
of the Luminaries ; as it was before done by Ari- 
ſtarchus, in his Book of the Magnitudes and Di- 


ſtances of the Sun and Moon, and afterwards by 


Ptolemy, 
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Prolemy, in the 15th and 16th Chapters of the 


Fifth Book of bis great Comſtruct ion. 


PrxoOPOSITION XXXII. 


2 find the Sun and Moon's apparent Semidia- 
meters agreeable to a given Time. 

Let the Sun and Moon's apparent Semidia- 
meters be obſerv'd at any Time ; and fince, from 
the 'Theories of the Sun and Moon above given, 
their Diſtances from the Earth, either at the 


Time of Obſervation, or at any other Time, are 
given; their apparent Semidiameters will be 
alſo given: For the apparent Semidiameters of 


a Spherical Body are feciprocally as its Diſtances 
from the Eye. 

Aſtronomers make Tables of the Sun and 
Moon's apparent Semidiameters, for every De- 
gree (or every fifth Degree) of a Luminary's 
mean Anomaly. And moreover, as the Semi- 
diameter of a Sphere, in the ſame Diſtance from 
the Center of the Earth, is greater as it is nearer 
the Zenith, becauſe it is nearer to the Specta- 


tor; and the Difference of it in the Horizon and 


in the Zenith, is ſenſible in the Moon, but not 
in the Sun: Therefore they alſo make Tables 
of the Encreaſe of the Moon's apparent Semi- 
diameter for every (or every fifth) Degree 
of the Elevation of the Moon above the H 
rizon. c 
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PRO POSTITION XXXIII. | 

Fan opaque Sphere be oppos'd to a Incid one, the 
* whole or full Shadow (that is, the Space of the 
ambient Medium to which no Ray of the lucid 
Sphere can come at) will be caſt towards the Part 
oppoſite to the Incid Sphere, included in the Super- 
ficies of a Right Cone, whoſe Axis is a Right Lint 
joining the Centers of the Spheres, and Baſe a 
Circle in the opaque Sphere,dividing its enlighten'd 
from its darken*'d Part: And the vertical Angle 


of the Triangle paſſing thro* the Axis is nearly equal 


to theDifference of the Angles, under which thelucid 
Sphere is ſeen from the Center of the opaque one; 
and the opaque one from the Center of the lucid one. 
And if the Cone of the Shadow be cut any how by 
a Plane parallel to the Plaus of the Baſe, the 
Diameter of the Circle of the Shallow ſo generated, 
or made, will appear from the Center of the opaque 
Sphere, under an Angle nearly equal to the Inter- 


wal of two Angles ; one of which is the Aggregate 


of the Angles under which the opaque Sphere 18 
ſeen from the Center of the lutid Sphere, and from 
the Circle of the Shadow ; and the other, the Angle 
under which the lucid Sphere is ſeen from the Cen- 
ter of the opaque one. | Fig. XXVIII.] 

Let there be two Spheres, whoſe Centers art 
A and B, one of which is lucid and the other 
opaque ; draw the _— Line 4B, thro' which 
let a Plane paſs, whoſe common Sections with 


the Spheres are the Circles DF, EG; draw 


DE, F Tangents to the two Circles on the 
ſame Side, at the Points D and E, Fand &, and 
let them be produc'd till they meet at C, with 
AB alſo produc'd. It is plain, that the whole, 
or full Shadow, which either of the Spheres, 
ſuppos'd opaque, being enlighten'd by the lucid 


one, caſts, is contain'd under a Conic Surface 


Hh h deſcrib'd 
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deſcrib'd by the Rotation of the Right Line 
DC about the Axis AB; that is, by the Surface 
of a Right Cone whoſe Axis is the Right Line 
A BC, and Baſe a Circle whoſe Diameter is the 
Right Line DF or EG. Among Conic Surfaces 


I reckon a Cylindric one made when the Spheres 


happen to be equal. | . 
From 4 draw Right Lines touching the Cir- 


cle GE in H and J, and let A H be produc'd 


till it meets with CD at K, and from B draw 
Tangents to the Circle D in L and M. By 
Prop. 32. Elem, 1. the Angle ACD is equal to 
AK D, minus K A B: But (by reaſon of the 
great Diſtance of the Spheres that we ſuppoſe) 
the Angle AK D is nearly equal to 4 BL; and 
therefore AC D is equal to ABL, minus K AB. 
And taking the Doubles of them, the. Angle 


FCO is equal to the Angle MB L, minus IA H. 


Let us ſuppoſe either of the Spheres, as for 
Example, E G, to be opaque, and let the Cone 
of the Shadow ECG be cut any how by a Plane 
parallel to the Plane of the Baſe, and the Secti- 
on (by Prop. 
Circle, whoſe Diameter NO is parallel to the 
Right Line D, or EG, and whoſe Center P is 
in the Axis of the Cone; from which draw PO, 
PR 'Tangents to the Circle EG, and join the 
Right Lines BO, BN. By Prop. 32. Elem. 1. 
the Angle PBN is equal to BN EF, minus 
BCN: But (if BN be almoſt equal to BP 
which I ſuppoſe). B NE is nearly equal to B P 
and it has lately been ſhewn, that B CN is equal 
to ABI, minus BAA; and therefore BPMN is 
equal to the Aggregate of the Angles B & and 
B A H, minus the Angle ABL. And taking the 
Doubles of them, the Angle OB N is equal to 
the Aggregate of the Angles QR, HAI, minus 
the Angle L B M. & E. D. "TT 


4. of B. I. Elem. Conic.) will be a 
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If EG be ſuppos'd a lucid Sphere, and DF 
an opaque one, the ſame 'Things would hold 
good, if O N and all the other Lines depending 


upon it be drawn on the other Side of the Sphere 
DF, in reſpect of B. 


SCHOLIUM. 


If the Sphere D F repreſents the Sun; EG 
the Earth, reckoning whatever is eiu 


about it, and hinders the Paſſage of the Rays 


as Part of it; EC & the Shadow of the Earth; 
and NP © Fart of the Moon's Orbit: The An- 
gle A BL will be the Sun's apparent Semidiame- 
ter, ſeen from the Center of the Earth; BAH 
the Sun's Horizontal Parallax : BP 9 the Moon's 
Horizontal Parallax at the Diſtance B P ; there- 
fore BCE the Vertical Semi-angle of the Cone 
of Shadow is equal to the Difference of the ap- 
parent Semidiameter of the Sun and its Horizon- 
tal Parallax; and PN the apparent Semidia- 
meter of the Earth's Shadow, (thro* which the 
Moon is to paſs) ſeen from the Center of the 
Earth, equal to the Sum of the Horizontal Pa- 
rallaxes of the Sun and Moon, when the Sun's 
parent Semidiameter is taken from it. And 
— three of theſe four being given, the 
fourth will alſo be known: As for Example, 
the Sun's Parallax, and conſequently (by Prop. 
46. B. II.) its Diſtance will from hence be 
known: For the Difference of the Moon's Ho- 
rizontal Parallax and the Sun's Semidiameter, 
known by Obſervation, being ſubtracted from 
the apparent Semidiameter of the Earth's Sha- 
dow, known by the Obſervation of an Eclipſe 
of the Moon, at the known Diſtance of the 
Moon, leaves the Parallax of the Sun. 
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But if D F be the Sun, E@ the Moon, and 


NPO Part of the Diſc of the Earth, (that is, off 


the Flane of a great Circle of the Earth, to 
which a Right Line joining the Centers of the 
Sun and Earth is perpendicular) in which the 


Shadow falls; the Semidiameter of the Shadow 


is ſeen from B, the Center of the Moon, under 
the Angle P B N equal to the Sum of the appa- 
tent Semidiameters of the Moon ſeen from the 
Centers of the Sun and Earth, lefſen'd by the 
Sun's apparent Semidiameter ſeen from the 


Moon's Center. And ſince, by reaſon of the 


immenſe Diſtance of the Sun from the Earth, in 
reſpe& of the Diſtance between the Moon and 
the Earth, the Sun's Diameter ſeen from the 
Moon appears almoſt under the ſame Angle as 
when ſeen from the Earth, and the Moon's Semi- 
diameter ſeen from the Sun is to be look'd upon 
as of no Magnitude, as being almoſt ſubquadruple 
of the Sun's Horizontal Parallax ; the Semidia- 
meter of the Moon's Shadow, receiv'd upon the 


Diſc of the Earth, is ſeen from the Center of 


the Moon, under an Angle almoſt equal to the 
Difference of the Angles, under which the Semi- 
diameters of the Sun and Moon appear from the 


Center of the Earth. 


But if the Semidiameter of the Sun, ſeen, 
from the Earth, be greater than the Semidia- 
meter of the Moon ſeen from it, the apparent 
Semidiameter of the Shadow (fince it is equal 
to a leſs, after a greater is taken away) becomes 
negative; that is, after the Shadow is termi- 
nated and ends in the Vertex of the Cone, the 
little Circle, made by the Section of the oppo- 
ſite Cone, to the Cone of the Shadow, is ſeen 
from the Moon, under an Angle equal to the 
Difference of the Angles, under which the Sun 
| and 
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and Moon are ſeen from the Center of the Earth. 
But this little Circle is inſtead of a Circle of the 


Shadow, for it is the moſt obſcure Part of the 


Penumbrous Circle, and (like a full Shadow) 
equally dark ; that is, all the Points thereof be- 
come enlighten'd, as the Diſc of the Sun exceeds 
that of the Moon appearing from the Earth: 
For all the foregoing Things are true of the 


Right Line ON drawn beyond C. 


| ProPOsSITION XXXIV. 

. an opaque Sphere be expos'd to a lucid one, 

beſides the total or full Shadow, there will be 
a Penumbra (that is, a Space of the ambient 
Medium, from all of whoſe Points ſome Rays are 
kept off by the opaque Sphere ) falling the contrary 
Way to the Iucid Sphere, included by the Surface 
of a Right Cone, whoſe Axis is the ſame with 


Axis of the full Shadow ; and the Vertical Angle of 


the Triangle paſſing thro” the Axis is equal to the 
Sum of the Angles, under which the lucid Sphere is 
ſeen from the Center of the opaque one, and the opaque 


one from the Center of the lucid one. And if this 


penumbrons Cone be cut any how by a Plane paral- 
tel to the Plane of the Baſe, the Diameter of the 
penumbrons Circle ſo generated (taking inthe ſmall 
Circle of full Shadow at its Center, if there be any 
ſuch) ſeen from the Center of the opaque Sphere, 
appears under an Angle equal to the Aggregate 
of three Angles; viz. thoſe Two under which 
the opaque Sphere is ſeen from the Center of the 
lucid one, and from the Center of the penumbrous 
Circle, and the Third under which the lucid 
Sphere is ſeen from the Center of the opaque one. 

7; © » 1 
Things remaining as in the foregoing Prop. 
draw the Right Lines DE, F, touching the 
H h h 3 Circles 


* 
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Circles on the alternate Sides, and croſſing each 
other in the Point C of the Right Line AB. It 
is manifeſt, that beſides the whole Shadow, there 
is alſo projected about it a Penumbra the con- 


trary Way to the lucid Sphere, in reſpect of the 


opaque one, becauſe all the Space contain'd un- 
der the Conic Surface, generated by the Right 
Line DE, produc'd beyond the opaque Sphere, 
and turn'd round the Axis A B, is ſuch, that 


from any Foint of it ſome Rays of the lucid 


Sphere are kept off by the Interpoſition of the 


opaque One, and therefore it is not fo much en- 


lighten'd as the Parts round about this Conic 
Space, from which no Rays are kept off. And 
thoſe Parts of this Space which are neareſt to the 
full Shadow, (viz. thoſe about ' its Middle, 
from which all the Rays of the lucid Sphere are 
kept off) are more obſcure than thoſe which are 
more remote; as being enlighten'd by Rays 


flowing from a leſs Part of the lucid Sphere: 


And the Surface that circumſcribes the Penum- 
bra, is that of a Right Cone, whoſe Axis is the 
Right Line A B, extended beyond the opaque 


Sphere, and Baſe, a Circle deſcrib'd on the Dia- 


meter DF, or EC. 

After the ſame Manner as in Propoſition 
preceding, from 4 draw Right Lines touching 
the Circle EE in H and J, of which let AH 
meet with D E produc'd at K: And from B let 
Right Lines be drawn touching the Circle D 
in L and M. By Prop. 32. Elem. 1. the Angle 
ACD is equal to AK D and B AX together; 
but 4 XD is nearly equal to ABL; and there- 
fore ACD is equal to AB L and B 411 together. 


And taking the Doubles of them, the Angle 


FCD is equal to the Angles MB L and 1 4 I 
taken together. FP. | 
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Let us ſuppoſe either of the Spheres, as for 


Example, E & to be opaque, and let the penum- 


brous Cone be cut by a Plane parallel 'to the 
Plane of the Baſe, and the Seckion will be a 
Circle, whoſe Diameter NO is parallel to the 
Right Line D For EG, and whoſe Center P is 
in the Axis of the Cone; from which, let P, 
P K be drawn touching the Circle E G, and let 
the Right Lines B O, B N be drawn. By Prop. 


- 


32. Elem. 1. the Angle PH is equal to BN 


and BCN together: But (if B N be nearly e- 


qual to BP, which I ſuppoſe) B NC is nearly 
equal to B ; and it has been lately ſhewn, 
that BCN is equal to ABL and B A H'toge- 
ther; and therefore P N is equal to the Aggre- 
gate of the three Angles, B , BAH and 
ABL. And taking the Doubles of them, the 
Angle O BN is equal to the Aggregate of the 
three Angles, Q R, HAI, and L BN. 


SCHOLIUM. 


If the Sphere DF repreſents the Sun, EG the 
Earth, and NP O Part of the Lunar Orbit; the 


| Eemidiameter of the Penumbra, ſeen from the 


Center of the Earth, is equal to the Sum of the 
Horizontal Parallaxes of the Sun and Moon, and 
the Sun's apparent Semidiameter. 8 

But if the Sphere P repreſents the Sun E 


the Moon, NP O that Part of the Diſc of the 


Earth in which the Penumbra falls; the Semi- 
diameter of the Penumbra, ſeen from the Cen- 
ter of the Moon, appears under an Angle equal 
to the Aggregate of the apparent Semidiameters 
of the Moon, feen from the Centers of the 
Earth and Sun, and the apparent Semidiameter 


of the Sun, ſeen from the Center of the Moon; 


and therefore (for the Reaſons alledg'd in the 
bez FO Schol. 
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Scho. of the Foragoing Prapoſition) under an 
Angle nearly equal tothe Aggregate of the Semi- 


diameters of the Luminaries, ſeen from the Cen- 
ter of the Earth. | 


| ProPOSITION XXXV. 
72 O determine, whether a Full- Iſoon to come, 
1 will be eclipſed; and, if it be, to define its 
Species; that is, to ſhew whether it will be Par- 
tial or Total; whether it be cum mora or ſine 
mora ; that is, whether the whole Moon makes any 
Stay in the Earth's Shadow, or not. | Fig. XXX. ] 
By Prop. 31. find the 'Time of the true Full- 
Moon upon a given Month, for which, (by 
Prop. 18. B. II.) find the Sun's Place, and you 
will conſequently have the Point oppoſite to it : 
Let it be expreſs'd by O, (Fig. XXX.) where 
C repreſents the Ecliptic. Find the Places of 
the Moon's Nodes for the ſame 'Time, (of which 
let N be the. neareſt to the Point O) and alſo 
the Inclination of the Moon's Orbit to the E- 


cliptic. Let the Circle of Latitude O P meet- 


ing the Moon's Orbit £8 in the Point P, where 


the Moon is at the Time of the true Full-Moon, - 


he ſuppos'd to be drawn. In the Heaven of 
the Moon the Circle of the Shadow, expreſs'd by 
R G, is conſtantly about the Center O, being a 
Circle made by the Section of the Conic Shadow 


of the Earth, by a Poſition of the ſaid Heaven 


parallel to the Baſe of the Cone, which if the 
Moon M does in part, or wholly enter, there 
will be an Eclipſe; otherwiſe none. But the 
Mcon comes neareſt of all to O, and therefore, 
if it is immers'd in the Shadow, it is moſt of all 
immers'd, when its Center is in the Point L, 


which the Arc of the preat Circle O L, perpen- 


gicular to the Moon's Way, ſhews: For the 


2 | | Point 


a 


3 \þ 
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Point L comes neareſt to O than any other of 
the Way of the Moon. But it is plain, that 


if the Arc OL exceeds O R and LM, the ap- 
parent Semidiameters of the Shadow and of the 


Moon together, (as in the 1ſt Fig. XXX.) the 


Moon will go on it its Way $8 P, quite clear of 
the Shadow. If O L be equal to the Sum of 
the ſaid Semidiameters, the Moon will indeed 
touch the Shadow, bur neither enter it nor be 


| eclipſed. If the Arc O L be leſs than the Agore- 


gate of the Semidiameters of the Moon and the 
Shadow, and yet greater than their Diſtance, (as 
in the 2d Fig. XXX.) the Moon will be eclip- 
ſed ; but the Eclipſe will not be Total, but Par- 
tial, vi z. of ſo many Digits as there are 12"? Parts 
of the Diameter of the Moon's Diſc immers'd in 
the Shadow. But if the foreſaid Arc O L be 
equal to the ſaid Interval of the ſaid Semidiame- 
ters, there will indeed be a Total Eclipſe, but 
one ſine mora : For as ſoon as the whole Moon 
is immers'd into the Shadow, the Moon's Diſc, 
touching the Circle of the Shadow within, will 
immediately begin to emerge as the Moon goes 
ever ſo little forward. But if the Arc O L be 
leſs than the foreſaid Semidiameter of the Shadow 
and Interval of the Moon, then the whole Moon 
will be immers'd into the Shadow, ſome Part of 
the Shadow being extended beyond the Moon, 
(as in the 3d Fig. XXX.) whence the Moon's 
Eclipſe will not-only be Total, but laſt ſome 
time; that is, will be Total, cam mora, and that 
more or leſs, according to the Quantity of the 
Arc O L, the Thicknefs of the Shadow, and Ve- 


locity of the Moon. 


Now the Way to find the Quantity of the Arc 
OL, is as follows; In the ſpherical Triangle N 
OP. (Fig. XXXL) Rectangular at O, NO, the 

ME i pr oo ON Diſtance 


586 FheELEMENTs Book TV. 
Diſtance of the Node from the Point oppoſite to 
the Sun, and the Angle at $8 of the Inclination 
of the Moon's Way to the Ecliptic, at the Time 
of Conjunction, are given, from whence may be 
found the Angle at P, and the Side O P. Again, 
in the Triangle PO, beſides the Right Angle 
at L, you have given the Side and Angle lately 
found, from which may be diſcover'd O L. But 
you may readily find out OL from the Tables of 
the Moon's Latitude, by taking it equal to the 
Latitude for the Argument of Latitude equal to 


820: For if you ſuppoſe $4 equal to 53 O, it 


is plain, that the Arc , perpendicular to the 
Ecliptic, is equal to the Arc OL; for in the 
Triangles OL $2, „ $2, having a eommon Angle 
at Q, all Things are equal. Moreover, for the 
Time of the Full-Moon before found, the appa- 
rent Semidiameter of the Moon is (by Prop. 32.) 


given, and (by Sch. Prop. 3 3.) the apparent Se- 


m diameter of the Shadow of the Earth, where the 
Moon goes thro' it; and therefore the Sum or 


Difference of the Semidiameters of the Shadow, 


and of the Moon, may be compar'd with the be- 
fore- found Arc OIL, and from it you may find out 
of what Kind the Moon's Eclipſe will be, accord- 
ing to what has been above demonſtrated. 

- By t the Shadow of the Earth, the Total Sha- 
dow is commonly only meant; for that alone 
takes away all the Light of the Moon, becauſe 
no Rays of the Sun can come at it: Neither 
does the Moon appear to us, Inhabitants of the 
Earth, to be eclips'd, unleſs that happens. But 
the Moon does truely begin to be eclips'd as 
ſoon as it enters into the Earth's Penumbra, be- 
cauſe in that Caſe it is leſs enlighten'd, the opaque 
Earth intercepting ſeveral of the Sun's-Rays. 
But the Effects of the Earth's Penumbra itſelf 
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upon the Moon, are manifeſt to us Inhabitants 
of the Earth. Hence it happens, that when 
the Moon is about to be eclips'd, it firft grows 
dull and pale, eſpecially in that Part of it which 
is near the Shadow. For (as it hath been ex- 
plain'd in the 18th Prop. B. I.) before the whole 
Sun be cover'd from any Part of the Moon ; that 
is, before the Moon comes to the whole Shadow, 
Part of the Sun is intercepted from it by the 
Earth, and the greater Part of the Sun, by its 
Limb, which is the neareſt to the total Shadow. 
But the whole Sun does illuminate the Moon 
more clearly than Part of it, and a greater Part 


of it more than a leſſer. If therefore we ſpeak of 


ſuch an Eclipſe of the Moon, inſtead of the 
whole Shadow of the Earth (of which alone we 


' ſpoke above) you muſt take thePenumbra, whoſe 
Semidiameter will be found by Sch. Prop. 34. 


COROLLARY,” 


Hence will the Moon's Eclipric Terms (as they 
call em) be defin'd. © For if OL be leſs than the 
Sum of the Semidiameters of the Shadow and of 
the Moon, there will at leaft be. fome Eclipſe. 
Therefore in the Triangle 83 L O, having, beſides 
the Right Angle at L, the Angle L $2O, and the 
Side O L equal to the ſaid Sum of the Semidia- 
meters, the Side £2 O will be found, namely, the 
Diſtance of the Moon from the Node reckon'd 
in the Ecliptic ; which if it be ſuch, at the Time 
of the true Full-Moon, the Moon will paſs by 
the Shadow, without any Decreaſe of its Light : 
Bur if at the Moment of the ſaid Full-Moon, the 
Moon's Diſtance from the Node be leſs than the 
above-found Ark 8 O; the Moon will ſuffer 
ſome Eclipſe: But by reaſon of the Smallneſs 4 

the 
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the Angle at £7 and of the Sides of the Triangle 
88 0 P, OP differs very little from OL, and 
therefore the Ecliptical Terms may ſafely e- 
nough be plac'd in it, when at the time of the 
true Full-Moon, the Latitude is equal to the 


Sum of the Semidiameters of the Moon and of 
the Shadow. | 


L E MMA. 

If, in the Surface of a Sphere, there be given 
BC, DE, Arcs of great Circles, which, in given 
Angles, ſtand upon A B D, which is alſo a great 
Circle, and alſo the Arc BD; to find the Angle 
A, which a great Circle, drawn thro C and E, 
comprehends with B D. (Fig. XXXII.) 


Let the great Circles BE, CD, be drawn. 


In the Triangle C BD, the Sides CB, B D, toge- 
ther with the Angle CB, which they contain, 
being given, you have alſo the Side C D, and 
the Angle CDB : But the Angle BDE is given, 
therefore CDE will alſo be known. More- 
over, in the Triangle CDE, the Sides CD, DE, 
and the Angle CDE being given, the Angle 
CED will allo be known. Laſtly, if in the Tri- 
angle ADE, the Angles ADE and AED, to- 
gether with the Side DE be known, the Angle 
A will be found, 1 
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PRO OST rroN XXXVI. 


HE Inclination of the Moon's Orbit to the E- 
cliptic, and the Horary Motion of the Sun 
and Moon being given, to find the Inclination of 
the Moon's Way, from the Sun to the Ecliptic, or 
to the Circle of Latitude, agreeable to a given Di- 

ſtance of the Moon from the Node. Fig. XX XII. }] 

It has been ſhewn, in the foregoing Propoſi- 
tion,. how the Inclination of the Moon's abſo- 
lute Way, or of its Orbit tothe Ecliptic, may be 
found for a given Time. Burt for calculating 
the Eclipſes of the Luminaries, you muſt know 
how the Moon's Way from the Sun, or from a a 
Point oppoſite to it, is at that time inclin'd to 
the Ecliptic ; and the Motion of the Moon from 
the Sun is to be conſider'd as if the Sun ſtood 
immoveable, or rather as if the Sun, after hav- 
ing mov'd a little Way, ſhou'd be drawn back to 
its old Place, and the Moon alſo as much, in 
Lines parallel to each other. In ſuch a Caſe it 
appears, that the Way which the Moon, going 
from the Sun, enters into in the forementioned 
Senſe, is different from the Moon's abſolute 
Way, and differently inclines to the Ecliptic. 

In Order to find this Inclination, let SC re- 
preſent the Ecliptic, L B the Moon's abſolute 
Way, dz the Node. Let & be the Sun, or any 
other Point of the Ecliptic, having a given Di- 
ſtance from the Sun; L the Moon's Place, and 
ZA its Latitude. In a ſmall Fart of Time, (as 
for Example, an Hour or two) let the Sun be 
ſuppos'd to have mov'd from S to c, and the 
Moon from L to. Now ſuppoſe that the Sun 
be drawn back from . to , and the Moon as 
much drawn back, viz. from L tog, along the 
Right Line /, equal and parallel to - $; _ 
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the Arc LI, which will be the Way which the 
Moon, mov'd from the Sun, goes thro*, tho? 
its abſolute Way be the Circle LB. To deter- 


mine that Way LI, there are given LA, the 


Latitude of the Point L, given in the Moon's 
true Way, and / a the Latitude of the Point /, 
which is the ſame as , the Latitude of the 
Point , alſo given in LB, the true and abſolute 
Way of the Moon; becaufe its Diſtance L, 
from the given Point L, is given; namely, the 
Way of the Moon, gone thro' in a given Time; 
for A a, the Difference of Longitude, is given, 
that is, the Exceſs of the given Afc A -, above 
az, or S.; and therefore (by the foregoing 
Lemma) you will have given the Angle between 
L, the Moon's Way from the Sun, and the E- 


cliptic ; and the Angle LI a, comprehended be- 


tween the ſaid Way and the Circle of Latitude, 
44. E. F. | | 


COROLLART 


By how much leſs the Motion of the Moon 
from the Sun is, by ſo much (caters paribus) 
the Angle between the Ecliptic and / L is great- 
er; for I remaining the ſame, it it plain that 
by how much L is lefs, by ſo much the Angle 
LI is greater: And by how much the Point L 
is nearer to the Node, by ſo much (ceteris pari- 
b15)- will the Angle between J and the Eclip- 


tic be greater; for by how much L is nearer to 


Q, by ſo much will IL, a ſmall Part, conſider- 
ed as a Right Line, contain a greater Angle with 
$7 C, and therefore it will hold much more in 
L: But the Angle L is alſo greater, becauſe 
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SCHOLIUM. 

Aſtronomers conſtruct Tables of thoſe Angles, 
which the Moon's Way from the Sun compre- 
hends with the Ecliptic, according both to the 
variofis horary Motion of the Moon from the 
Sun, and to the Moon's Diſtance from the Node, 
that the Way of the Moon, through the Shadow 


of the Earth, or that of the Shadow of the Moon, 


over the Diſc of the Earth, may be readily and 
eaſily determin'd. 'They calculate theſe Tables, 
for every Minute of a Degree of the Exceſs of 
the Moon's Motion, above the Solar, in one 
Hour: But as they ſerve chiefly for Eclipſes, 
the Tables of them are only carried on ſo far as 
ſuch a Diſtance from the Node, in which the 

Moon may run into the Earth's Shadow, or pro- 
je& its own Shadow on any Part of the Earth. 


Pa 05 ss ire | Rx 


7 determine the Mean, or Middle Time, of a 
Lunar Eclipſe, happening in a given Month. 
Fig. XXXIV.] ] | 
Let q repreſent the Ecliptic ; & E the Way 
of the Moon from the Sun, found by the fore- 
going Prop. for the Mean Eclipſe, (if you will 


have it as it would be, for the whole Time of the 


Eclipſe, which may be done ſafe enough; other. 
wiſe you may work more exactly, by often find. 
ing that Way of the Moon from the Sun;) 93 
the Node next to it; DRC & the circular Se- 
ction o the Shadow of the Earth, made by the 
Heaven of the Moon, which the Moon, in its 
Eclipſe, runs into; whoſe Center, or rather 


Pole, is O. Round the ſame Pole, or Center 


O, deſcribe another Circle A#B, the Cove 
0 
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of the Shadow, in ſuch Manner that 4 C, the 
Diſtance between their Circumferences, may be 
equal to the Moon's apparent Semidiameter. 
Let theſe Circles meet with the Moon's Way in 
M, N, A, B. If s E does not cut the Circle 
AFB, there will be no Eclipſe, by the foregoing 
35th Prop. Let O A, O B, Arcs of great Circles, 
be ſuppos'd to be drawn, meeting with the Cir- 
cle DCG, at C and D; and OP, a Circle of 
Latitude, meeting with the Moon's Way at P, 


as before. If through O be drawn O RE, an 


Arc of a great Circle, perpendicular to the Cir- 
cle $2 E, meeting it at L; the Arcs L B, L 4, 
and the Arcs LM, L N, will (by the EI. of 
Spherics) be equal. Therefore the Moon, 
(which we ſuppoſe to move equably at the 
Time of the Eclipſe) takes up as much Time in 
going from A to L, as from L to B. Let Cir- 
cles be ſuppos'd drawn round the Centers or 
Poles AB, at the Diſtances AC, B D, which 
will rightly repreſent the Moon (becauſe AC is 
to OC, as the Semidiameter of the Moon to the 
Semidiameter of the Shadow) and will touch 
the Circle DCG, viz. at C and D. When 
the Moon's Center is in the Point 4, the Moon's 
Eclipſe begins, (becauſe the Limb of the Moori 
touches the Limb of the Shadow at C,) and that 


Center being come on to B, tne Eclipſe ende 


for the ſame Reaſon; and therefore the Middle 
of that Eclipſe happens whilſt the Moon's Cen- 
ter is in the Point L; viz. nearly that in 
which when the Center is, the Moon will be 
moſt immers'd in the Shadow, as has been 
ſhewn in the foregoing Prop. 35. We ſhall like- 
wiſe ſhew, that at the time in which the Moon's 
Center comes to the Point L, in 'Total Eclipſes, 
will be the Middle of the whole Obſcurity, 

d when 
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when the whole Motion is immers'd in the Sha- 


ſage of the Center of the Moon from N to 
becauſe NL is equal to LM. 


M. 


look*d upon as unchangeable, not only by rea- 
ſon of the ſmall Time of the Duration of the E- 
clipſe, but becauſe when the Nodes are in the 


. Syzygies with the Sun, theſe are truly immove- 


able, by Prop. 14 and 15. 'Therefore the Pro- 
blem comes to this, vz. That the Fime is to be 
determin'd, when the Moon's Center is found at 
L. For doing of which, you muſt (by Prop. 31.) 
find the 'Fime of the true Oppoſition ; that is, the 
Time when the Center of the Shadow will be at O, 
and the Moon at P; unleſs theſe two coincide, 
which happens when in the Time of the true Op- 
poſition the Sun is in one of the Moon's Nodes, 
in which Cafe OL, P L, and O P, vaniſh: But 


the foregoing Propoſit 


the Magnitude of the Arc LP, has been found in 
ion, by the Reſolution of 


the 'Triangles QO P, OLP. Therefore the Time 
required for the Moon to run thro' P E, muſt be 
found, and not only PL, but PL beyand the 
Sun's. Motion in the Ecliptic; (for whilſt the 


Moon paſſes from the true Oppoſition to a Point 


of its Orbit, next to the Center of the Shadow, 
or from this Point to that true Oppoſition, the 
Sun, and conſequently its oppoſite Point, which 


is the Center of the Shadow, goes on in the 


E- 


cliptic ;) which is done by finding the Horary 
| Motions of the Sun and Moon, agreeable to the 
Time of the Eclipſes of the Sun and Moon, and 
from thence their Differences agreeable to the 
Time of the Moon's Horary Motion from 


the 


Sun, as in the 31ſt Prop. whenee, by the Ana- 


logy there, you will find the Time requir d 


111 


for 
the 


dow; or, in a Word, it is the Middle of the Paſ- 


The Place of the 
Node, and the Inclination of the Limits, are 


— 


\ 
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the Moon to move from the Sun through the 
known Arc LP. By the Inſpection of the Fi- 
gures adapted to the reſpective Caſes, it it plain, 
that the I ime in which the Moon's Center is in 
the Point L, near to the Center of the Shadow, 
goes before the Time of the true Oppoſition, 
when the Motion is come to P, in the preſent 
Caſe ; that is, when the Moon has juſt paſs'd 
the aſcending Node, which obtains alſo when it 
has juſt paſs'd the deſcending Node : But when 
the Moon is not yet come to the Nodes, the 
Time of the Middle of the Eclipſe is after the 
Time of the true Oppoſition : Whence it is evi- 
dent, when the Time between the true Oppoſi- 
tion and the Middle of the Eclipſe is to be ad- 
ded to the Time of the true Oppoſition, and 
when it is to be ſubtracted from it, to make up 
the Time of the Middle of the Eclipſe. 
Aſtronomers commonly make Tables of the 
Time, in which the Arc LP is run thro', to be 
added or ſubtracted from the Time of the true 
 Syzygy, to make the Time of the Middle of the 
Eclipſe, or of the greateſt Obſcurity. This Time 
' varies according to the different Velocity of the 
Motion of the Moon from the Sun, and the dif- 


ferent Diſtance from the Node. 'They continue 


theſe Tables, as well as thoſe of which we ſpoke 
before, in the School. Prop. 36. for every Degree 
of the ecliptic Limits. 


PROPOSITION XXXVIII. 


TO determine the Time of the Beginning and 


End of the Eclipſe of the Moon that happens in 
a given Month, and alſo of the whole Immerſion 
of the Moon into the Shadow ; and from thence alſo 
to determine the Duration, as well of the whole 
Eclipſe, as of the whole Darkneſs. | Fig. XXXV.] 
* 5 i 
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Things being as in the foregoing Propoſitzon, 
(except that in the firſt Fig. 35. the Moon in its 
Eclipſe, is ſuppoſed to tend towards the deſcend- 
ing Node,) it appears that the Eclipſe begins 
when the Center of the Moon is in 4, the Moon's 
Limb touches the Limb of the Shadow at G, 
by Prop. 4. of the IId B. of Theod. I herefore in 
the Triangle 4 L O, Rectangular at L, you have 


given, beſides the Right Angle, the Hypothe- 


nuſe OA, that is, the Sum of the Semidiameters 
of the Moon and of the Shadow, and O the 
the leaſt Diſtance of the Center of the Shadow 


from the Center of the Moon, found by Prop. 35. 


Therefore the Arc A L will be found, ind conſe- 
quently the Time requir'd for the Moon (by the 
Exceſs of its Motion above the Sun's Motion) 
to go thro' it; that is, half the Duration of the 
whole Eclipſe. But the Time of the Middle of 
the Eclipſe is known by the foregoing Propoſitie 


on; therefore its Beginning and End is known. 


For determining the Beginniag of the whole 
Immerſion of the Moon into the Shadow of the 
Earth, Things remaining as before, obſerve the 
IId Fig. 35. where the Moon's Eclipſe happens, 
whilſt the Moon goes towards the aſcending 
Node, and there let the Circle A#B. be within 


the Circle of the Shadow CDG; a Circle drawn 


with the Diſtance AC, about the Center 4, will 
(by Prop. 3. B. II. of Thecd.) touch C D within, 
and therefore will rightly repreſent the Moon 
going on in its proper Way, as ſoon at it is all 
immers'd into the Shadow & CD. To find the 
Point of Time when the Center of the Moon is 
in A, you have given in the Rectangular Triangle 
ALO, the Side O L (by Prop, 35.) and O A, 
which, by Conſtruction, is equal to the Difference 
of the Semidiameters of the Moon, and of the 

I Shadow; 
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Shadow ; therefore the Arc A L, of the Moon's 
Way to be run thro' by the Moon's Motion, a- 
bove that of the Sun, (from the Time that the 
whole Moon is immers'd into the Shadow, un- 
til the Middle of the Eclipſe) will be known. 
Whence, by knowing the Motion of the Moon 
from the Sun, agreeable to a certain Time, (v7. 
an Hour,) at the Time of the Eclipſe, you will 
know what Time muſt be taken up for the Moon 
(by the Exceſs of its Motion above that of the 
Sun) to run thro' the Arc AL; Chat is half the 
Duration of the whole Darkneſs, But by the 
foregoing Propoſition, the Moment of the Middle 

of the Eclipſe is known, whence the Beginning 
and End of the total Immerſion of the Moon, in- 
to the Shadow of the Earth, will be known. Q; E. F. 


SCHOLIUM 


In the trigonometrical Reſolution of the 'Tri- 
angles OL, ALO, BLO, as alſo of the Fi- 
gures LIV, and AL Ne, in the foregoing Propo- 
(:tion, they may be look'd upon as Redilineal, 
(which alſo often happens) by reaſon of the 
Shortneſs of the Sides: For ſo ſmall a Portion of 
a ſpherical Surface may ſafely be taken for a Plane. 


PROPOSITION XXXIX. 
O define the Quantity of an Eclipſe happening 


at a given Month, as well in its Middle, as 
at any other Time, Fig. XXXVI. )] 

Things being as before, in the Figure repre- 
ſenting the Moon's Eclipſe happening a little af- 
ter it has paſs'd the deſcending Node, we muſt 
find the Quantity of the Middle of the partial 
Eclipſe. Let the Diſc of the Moon in the Mid- 
dle of the Eclipſe, drawn about the Center C, 
(already often determin'd) cut the Right Line 

| OR 


Us 
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OR at the Point M. Having then OR given, 


(in Parts of a great Circle in the Celeſtial Sphere) 


and by Prop. 35. having found the Arc OL, 


which is the leaſt Diſtance of the Center of the 
Moon from the Center of the Shadow in the 
ſame Parts ; you will have (by 4. Enc. Dat.) 
L R, the Difference of thoſe Arcs: But LM, 
the Moon's Semidiameter is given; whence (by 
3 Dat.) MR, the Sum of them is alſo given in 
the Tame Parts; and therefore (by 1 Dat.) the 
Ratio to the Moon's whole Diameter M H, alſo 
known in Parts of a Circle: And MR is Part 
of the Diameter of the Moon darkened in the 
Middle of the Eclipſe; therefore the Ratio of 
the darkened Part of the Diameter to the whole 
Diameter is given, and conſequently the Num- 
ber of Digits, and Parts of Digits, of the dark- 
ened Diameter. 1 
After the ſame Manner may be found the ap- 
parent e of an Eclipſe for a given Time, 


either before or after the true Full- Moon. Ha- 


ving, by the foregoing Method, found the Moon's 


horary Motion from the Sun, the Arc of the 


Moon's Diſtance from the Point P will be deter- 
min'd, in which Point the true Full-Moon hap- 
pens. Let it be PS; and ſo the Place of the 


| Moon's Center for the given Time is S. Draw 


the Arc OS, meeting with the Moon's Diſc at M 
and H, and the Circle CDG at R. In the Tri- 
angle 88 0 P, beſides the Right Angle at O, you 
have the Side 8 O, and the Angle O 85 P; 
whence you will find the Side O (already de- 
fin'd) and the Angle OP G. Again, in the Tri- 
angle OPS, you have the two Sides PO, PS, 
and O PS, the Angle which they contain; whence | 
you will alſo have the Arc O, and conſe- 


quently the Difference between it and the known 


1117 Arc 
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tlie 


Arc $M, vis. O M: But OR is given, and th 

conſequently MR the Difference of OR, OM; M 

and all theſe in Parts of a Circle as before; ; and of 

therefore, as in the foregoing Caſe, the Quan- 4s 

tity of the Eclipſe in Digits, and Parts of Digits. "a 

If MR exceeds the Moon's whole Diameter M 

(Fig. XXXVII.) the Eclipſe is ſaid to be of ſo th 

many Digits, as MR contains 12" Parts of the cu 

Moan's Diameter; but improperly, becauſe, th 

ſtrictly ſpeaking, the Moon cannot be eclipſed - 

more Digits than its Diameter contains ; but | 

MR is made up of the Moon's Semidiameter (f 

MS and R, the leaſt Diſtance of the Center FS Ba 

from CD &, the Margin of the Shadow, which on 

(by Elem. Spheric,) i is an Arc of a great Circle, _ 

\ Joining the Centers O and S. ; Go 

£ —— 

COROLLART 1. hes 

Hence may eafily be determin'd the Places nu 

at the Earth, from which a given Phaſis of the fre 

Moon's Eclipſe may be ſeen. For ſince by this an 

Propoſition, the Place of the eclips'd Moon for yo 

that Phaſis is given, and the Hour in a given an 

Place of the Earth, you will (by Corol. 36. B. II.) th 

have that Place of the Earth, to which the Moon Ci 

is Vertical, and all the Places, which are diſtant cle 

from it, lefs than a Quarter of a Circle, will ſee ms 

is it ; thoſe which are farther diſtant, will not ſee ap 

hi it, and thoſe, which are juſt at the Diſtance of a In 

Mil Quadrant, will ſee it in the Horizon. By 

wel — 0 ? C 

4th COROLLART 2. A 

bl By Help of the three laſt Propoſitions, you may 75 

Wi exactly draw a Scheme of the Moon's Eclipſe | su 

hy upon a Plane. For ſince ſo ſmall a Part of the 

i Heaven of the Moon, as the Shadow (or even the 
i 
| 


— 2 - — 
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the Penumbra) of the Earth, together with the 
Moon touching it at the Beginning of the E- 
clipſe, may ſafely be taken for a Plane: Having 


drawn Right Lines, which croſs one another in 


an Angle equal to that which the Way. of the 
Madan? contains with the Ecliptic, repreſenting 


thoſe Circles, and the next Node by their Con- 


currence ; in the Right Line which repreſents 
the Ecliptic, take a Point diſtant from the com- 
mon Concurrence of the Right Lines, by ſo 
many equal Parts of any Kind, as are the Parts 
(for Example, Minutes) of the Circle,which mea- 
ſure the Diſtance of the Center of the Shadow, 
or Point oppoſite to the Sun from the Node; 
and about that Center deſcribe a Circle repre- 
ſenting the Earth's Shadow, with a Semidiame- 

ter of as many of the equal Parts taken before, 
as the Semidiameter of the Shadow contains Mi- 


nutes in the Heavens; then drawing Right Lines 


from that Center, perpendicular to the Eclipric, 
and to the Moon's Way, and in the Moon's Way 
you will have the Points of the true Full-Moon, 
and of the Middle of the Eclipſe. And if about 
the ſame Center, both within and without this 
Circle of the Shadow, you draw two other Cir- 
cles diſtant from the firſt, by the Space of ſo 
many equal Parts taken before, as the Moon's 


apparent Semidiameter contains Minutes; the 


Interſections of thoſe Circles, with the Right 
Line repreſenting the Moon's Way, will, in the 
Scheme, ſhew the Points in which the Moon's 
Center is, at the Beginning and End of the E- 
clipſe, and of the total Obſcurity. Moreover, 
ſince the horary Motion of the Moon from the 
Sun, and the Number of Hours in a given Place, 
at the Time of the true Full-Moon, and alſo of 
the Beginning, Middle, and End of the Eclipſe, 

£0 1114 by 


— a 
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by the foregoing Propoſition are given; the Right 
Line, which repreſents the Moon's Way, may 
be divided into two equal Parts, mark'd by 
Numbers, which denote the Hours, reckon'd in 
a given Place of the Earth, where the Moon is 
in the like Points of the Heaven. And the Pha- 
ſis of the eclipſed Moon, happening at any Time, 
will appear very viſible, by this Scheme, if from 
a Point in the Moon's Way, (mark'd with the, 
Number of the given 'Time) for a Center, you 


draw a Circle, with an Interval repreſenting the 
.Moon's apparent Semidiameter : For that Patt 


of this Circle, falling within the Circle repreſent- 
ing the Shadow, will repreſent the eclipſed Part 
of the Moon ; and the Part which falls without 


.the Circle of the Shadow, (if any Part does fall 


without it) will ſhew the enlighten'd Part: 
Therefore the eclipſed Digits manifeſtly appear, 
as alſo the Ratio between the whole Difc of the 


Moon, and its enlighten'd Part (if it has any ;) 


viz. the Difference between the two Segments 
of the given Circles, which is evident from the 
Dimenſion of the Circle, Hs 
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SECTLON VIII. 
Of the Sun's Etlipſe, 


 T Faving thus ſpoken of the Lunar Eclipſe, 


we come now to the Solar one. And firſt, 
we will ſpeak of it univerſally, and conſider the 
Moon's Shadow falling upon the Earth, and 
how it might truly and properly be called an 
Eclipſe of the Earth : For in this Eclipſe, the 
Earth does the ſame as the Moon in the Lunar 
Eclipſe deſcribed above, and the Moon does in 
this Caſe, what the Barth did in that. Aﬀer- 
wards we will confider this Phænomenon of the 
Eclipſe of the Earth, as caufed by the Moon's 
covering ſome Part of the Sun from an Inhabi- 
tant of the Earth, immers'd in the Moon's Sha- 
dow, and looking up to the Heavens; and fo 


the Sun ſeems to be eclips'd, for that Reaſon ; 


whence this Phænomenon has been call'd an 
Eclipſe of the Sun. | | 


PRO POSITION XL. LEMNA. 

F the apparent Diſtance between the Sun and the 
1 Moon, ſeen from the Center of the Earth, be e- 
qual to the Moon's Horizontal Parallax ; and you 
eftcreaſe it by the Surf's Horizontal Parallat, it 
will be equal to the Diſtance between the Center 
of the Earth, aud the Center of the Moon s Shadow, 
receiv'd upon the Diſc of the Earth, ſeen from # 
Point where a Right Line, joining the Centers of 
the Sun and Farth, meets with the Moon's Hea- 
ven: And proportionally, if the Diſtance of the 
Sun and Moon be greater or leſs. | Fig. XXXVIII.) 
e * : f Let 
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Let the Earth's Center be T, the Sun's S, TS 
a Right Line-joining the Centers of the Sun and 
Earth, DT a Perpendicular to the Diſc of the 
Earth, meeting. the Moon's Heaven at M. Let 
be the Moon's Orbit, in which L is the 
Moon; $3 M the Ecliptic ; LM the apparent Di- 
ſtance of the Sun and Moon, ſeen from T, equal 
to the Moon's Horizontal Parallax. Let SL be 
drawn and produc'd, till it meets with the Earth's 
Diſc D Tat V, where the Center, of the Moon's 
Shadow, receiv'd upon the Diſc of the Earth, is. 
1 ſay the Angle T Nis equal ro ST L, which 
is the Sum of the apparent Diſtance of the Sun 
and Moon, and the Sun's Horizontal Parallax. 
Draw L K parallel to MT, and join MR. Be- 
cauſe the Angle 2 MV is equal to the Angles 


TMR and RM taken together, and the Angle 


MR (by Prop. 29. El. 1.) is equal to LRA, 
that is, (upon account of the Nearneſs of the 
Points R and T) LT Mand R MV (for the ſame 
Reaſon) is equal to RL, or (by Prop. 29. 
Flem. I.) to LSM; T MV will be equal to the 
Angles LTM and L SM taken together. More- 
over, becauſe the Angle LT M is ſuppos'd equal 
to the Moon's Horizontal Parallax, and L the 
Moon ; the Diſtance of the Points L and M will 
be equal to the Earth's Semidiameter ; (for the 
Moon's Horizontal Parallax is the Angle, under 
which the Earth's Semidiameter is ſeen, at a Di- 
ſtance equal to the Diſtance of the Earth and 
the Moon) therefore the Angle LM is nearly 
the Sun's Horizontal Parallax, (vz. the Angle 
under which the Earth's Semidiameter appears 
at-the Diſtance of the Sun from the Earth, that 
is, almoſt at the Diſtance of the Sun and Moon) 
and the Angle LT MM is the Diſtance of the Sun 
and Moon, ſeen from the Center of the Earth. 

f | And 
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And therefore the Angle 2 is equal to the 
Diſtance of the Sun and Moon, ſeen from the 
Center of the Earth, together with the Sun's 
Horizontal Parallax. _ mn 
After the ſame Manner, if the Arc LM be 

equal to half, or one and a halt, or twice the 


Moon's Horizontal Parallax; the Angle TMV 


will be equal to LT M, and a half, or one and 
a half, or twice. the Sun's Horizontal Parallax. 
ProPosST TION XLI. | 

7 determine whether the Neu- Hoon of a 
Month ſhall be eclipſed, that is, whether in 


any Part of the Earth the Sun will appear to be 


partially or totally eclipsd; and 4 there is to be 
an Eclipſe, to determine its Kind. | Fig. X XXIX.] 

Let DC@ repreſent the Earth, in which let P 
and the latent Point oppoſite to it be the Poles 


of the Diurnal Revolution. Let the Hemiſphere, 


in the Figure, be that which is enlighten'd by 
the Sun; and ſo the Circle DC, whoſe Center 
is T, will divide the enlighten'd from the dark- 
en'd Hemiſphere, and the Plane thereof is the 
Diſc of the Earth. Let the Shadow of the 
Moon, caus'd by the Sun, be ſuppos'd to fall 
on the Plane of the Diſc of the Earth: The Fi- 
gure of the Shadow ſo receiv'd will be circular, 
vis. HM having V for its Center; becauſe the 


penumbrous Cone is a right one, and its Axis is 


nearly perpendicular to the Plane of the Diſc ; 


for we ſpeak of ſuch a Caſe where Vis but very 


little diſtant from T, becauſe it is only in that 
Caſe that the Moon's Shadow. can reach the 
Earth ; or, that ſome Species of an Eclipſe of 
the Sun can happen. In the Center of it there 
is a little Circle altogether umbrous, if the Dogs 
N ; | Tota 
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Un Total Shadow reaches fo far: The remaining and! 
. Crown round about is penumbrous, thoſe Parts to tl 
3 of it being darkeſt which are neareſt to the afore- penu 
1 ſaid ſmall Circle, by Prop. 34. It is plain, that the 
kl if the Penumbra does not touch the Earth, there 1 
1A will not be an Eclipſe in any Part of the Earth: farth 
. But if ſome Part of the Earth be immers'd in the ſon, 
1 Penumbra, it will (properly ſpeaking, as we ſaid run i 
— 14 before, of the Moon) ſuffer ſome Eclipſe; or Circl 
1 the Sun, by reaſon of the Interpoſition of the Circ] 
a Moon, will appear to be eclips'd, to the Inhabi- Cent 


tants of that 'Tra& of Land. But it is plain, that and | 


| 
«i the Shadow teaches the Earth, if the Circle HH prop 
"ol cuts the Circle DCE; otherwiſe it does not, be- pos 
ll q cauſe DC is a great Circle of the Earth. _ to tl 
104 Now, to know if, on the New-Moon of a gi- Moo 
143 ven Month, the Circle HM will cut the Circle ment 
5 De, you muſt ſuppoſe that Hemiſphere of the zont 
1 | Earth which is enlighten'd by the Sun, and the narie 
9 penumbrous Circle to be ſeen from an Eye plac d TR 
Mill above, in that Point of a Right Line joining the qual 
Rl Sun's and the Earth's Centers, where it meets (by 
If with the Heaven of the Moon ; in which Caſe Ang 
6 1 that Hemiſphere, tho? it be convex, will appear ters 
4 as the Plane of the Diſc, as it happens when we of th 
6 look at the Moon, the Diſtance of the Eye na- the x 
1 F. turally taking off the Convexity. The Ecliptic, of th 
0 upon the ſame Account, will appear like a Right Eart 
1 Line, viz. gg T K, when the Eye happens to be Sun” 
04 in its Plane: And becauſe the Eye is but a little the! 
* way off from the Plane of the Moon's Orbit, the ralla 
. Moon's Orbit, receiv'd upon the Diſc, or ra- Moo 
9 ther the Way of the Center of the Circle of the ters 
| 1 Shadow ; that is, the Line which it deſcribes in Caſe 
. that Plane of the Diſc of the Earth, will alſo be ny J 
9 a Right Line; iz. 88 J. From 2, the Center Moc 
1 pf the Tarth, de TV perpendicular to $2), f or i 
= an 
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and will be the neareſt of all the Points of CA 
to the Center of the Earth. Therefore if the 
penumbrous Circle HM does at all reach CDG, 
the Earth's Diſc, it will reach it when its Center 
is in V: For in any other Point theſe Circles are 
farther from each other. And for the fame Rea- 
ſon, if HM reaches CDG, it will moſt of all 
run into it when the Center of the penumbrous 
Circle is come to V. But it is plain, that the 
Circle HM does not touch DCC, if when the 
Center of HM is come to V, VT exceeds R 
and VM taken together: But (by the foregoing 
Propoſition) when the Place of the Eye is ſup- 
pos'd as above, J appears under an Angle equal 
to the apparent Diſtance of the Sun and the 
Moon, ſeen from the Center of the Earth, aug- 
mented by an Angle which is to the Sun's Hori- 
zontal Parallax, as the ſaid Diſtance of the Lumi- 
naries, to the Moon's Horizontal Parallax ; and 


TR appears to the ſame Eye under an Angle e- 


qual tothe Moon's Horizontal Parallax; and VM 
(by Schol. Prop. 34.) is ſeen from it under an 
Angle equal to the Aggregate of the Semidiame- 
ters of the Sun and Moon, ſeen from the Center 
of the Earth : If therefore, when the Center of 
the penumbrous Circle is come to V, the Diſtance 
of the Luminaries, ſeen from the Center of the 
Earth, augmented by an Angle which is to the 
Sun's Horizontal Parallax, as the ſaid Diſtance of 
the Luminaries is to the Moon's Horizontal Pa- 
rallax, be greater than the Aggregate of the 
Moon's Horizontal Parallax, and the Semidiame- 
ters of the Luminaries ; it is plain, that in fuch a 
Caſe there will not be an Eclipſe of the Sun in a- 
ny Part of the Earth. And fince in the New- 
Moons, in which there is a Suſpicion of an Eclipſe, 
or in thoſe in which 11M touches DC, the ap- 

| . parent 
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parent Diſtance of the Luminaries is ſeſquialter 
(or as: to 1) to the Moon's Horizontal Parallax, 
(namely TV is ſeſquialter to TR) when VM, the 
Aggregate of the apparent mean Semidiameters 
of the Luminaries, is as it were ſubduple of TR, 
the Moon's Mean Horizontal Parallax ; there will 
be no Eclipſe on the whole Earth, if the Center 
of the Circle HM, being come to ; the Di- 
ſtance of the Luminaries, ſeen from the Center 
of the Earth, encreas'd by one and a half of the 
- Sun's Horizontal Parallax, exceeds the Sum of 
the Sun's and Moon's Semidiameters, and the 
Moon's Horizontal Parallax ; that is, if the Di- 
ſtance of the Luminaries, ſeen from the Center 
of the Earth, exceeds the Sum of the Semidia- 
meters of the Luminaries, and the Moon's Hori- 
Zontal Parallax, once and a half the Sun's Pa- 
rallax being ſubducted from it. | 
And if that Diſtance be equal to this Sum, 
the Penumbra juſt touches the Earth, but will 
not fall upon it, neither will the Sun appear 
eclips'd to an Inhabitant of the Earth. 
Bur if the Diſtance be leſs, that is, if when 
the Center of the Penumbra [Fig. XL.] is in V, 
the Diſtance of the Luminaries, ſeen from the 
Center of the Earth, wants of the Sum of their 
Semidiameters and the Moon's Horizontal Paral- 
lax, by the Quantity of once and a half the Sun's 
- * Parallax; that is, if 7 be leſs than TR and 
VM together, or the Circle HM cuts the Circle 
De (namely, in and Z) and at the ſame 
Time the little umbrous Circle, in the Center of 
the Circle HA, either not touches at all, or does 
but juſt touch the Circle DCC; Part of the Sun 
will appear eclips'd to thoſe that inhabit that Part 
of the enlighten'd Hemiſphere, which is taken in 
by the Segment YR Z M common to both Circles. 
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But becauſe the Semidiameter of this little 
umbrous Circle, to an Eye poſited as before, ap- 
pears under an Angle equal to the Semidiameter 
of the Moon, ſeen from the Earth's Center, the 
Sun's apparent Semidiameter being taken from 
it, by Schol. Prop 33. it is plain, that this Cir- 
cle (tho? at V) will not reach the Diſc CDG, if 
the Diſtance of the Luminaries, ſeen from the 
Center of the Earth, together with the Sun's 
Horizontal Parallax (for in that Caſe TV does 
not much exceed R T) does exceed the Moon's 
Horizontal Parallax, and the "Exceſs of the 
Moon's apparent Semidiameter above the Sun's 
apparent Semidiameter, or is equal to them ; that 
is, if the ſaid Diſtance of the Luminaries ex- 
ceeds the Semidiameter and Horizontal Parallax 
of the Moon, taking from it the Semidiameter 


and Horizontal Parallax of the Sun; or if it be 


equal to them: But if it wants of that Sum, 
then the whole Shadow will fall upon the Earth, 
and make a Total Eclipſe of the Sun to the In- 
habitants of that Tract of the Earth which it 
falls upon; but without any ſenſible Mora or 
Duration, becauſe this little Circle is very ſmall, 
ſince the Moon's apparent Diameter does but a 


little exceed the Sun's apparent Diameter, and 


ſo is commonly look'd upon as the Center of the 
Penumbra. Nay, ſometimes this Circle quite 
vaniſhes, when the Sun apparent Diameter is 
greater than the Moon's apparent Diameter. 
Now in either Caſe, ſome Place of the Earth has 
a total (or a central, tho* not total) Eclipſe, 
when the Center of the Penumbra being at the 
leaſt Diſtance from the Center, the apparent 
Diſtance of the Luminaries is equal to, or leſs 
than the Sum of their Horizontal Parallaxes. 


But 
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from 


Þ But the whole Penumbra of the Moon darkens from 
5 the Earth, firſt when TV (Fig. XLI.) the leaſt the 
i Diſtance of the Centers of the Earth and penum- Moo 
\ brous Circle, that is, (by the foregoing Propo- the 
| kg ſition). the leaſt apparent Diftance of the Lumi- findi 
5 naries, half the Sun's Horizontal Parallax being junc 
4 J fubtracted from it, (for  M is nearly equal to wher 
5 . half R, ) is equal to the Difference f TR, HV, 55 4 
| "i or to the Excels of the Moan's Horizontal Paral- Latit 
. lax above the Sum of the Semidiameters of the Nod 
i Luminaries. And if that Diſtance is leſs than this neare 
1 Excefs, the whole Penumbra falls upon the Earth, Orbit 
"yl and there remains a Tract of Land round about, the 8 
Wm where there is no Eclipſe of the Sun. you | 
i Tho' the Moon's Shadow or Penumbra, re- and t 
1 ceiv'd upon the Plane of the Diſc, be a Circle, clinat 
* yet on the ſpheric Surface of the Earth (where when 
Wl it really falls) it is bounded by a Line not at all N. 4 
'* Circular, (unleſs it be when the Axis of the Cone reaſo! 
0 of the Shadow is extended thro the Center of the ctilin 
1 [8 Earth,) and even not lying in the ſame Plane; by Ce 
. (of which Kind of Lines P. Courſier wrote a ſmall Orbit 
b Treatiſe in the Year 1663.) which is alfo true minar 
Wt! of the Shadow of the Earth receiv'd on the Moon's have 

„ ſpherical Surface. But in treating of the Moon's Angle 
| Eclipſe, there was no Need of taking Notice of Lumi 
Fl this, becauſe its ſpherical Surface does not-differ NL, 
from a flat Diſc to an Obſerver on the Earth. will r 
Bur in the Earth, our Habitation, the 'Thing is the M 
otherwiſe : For all the Spectators in the Earth Moor 
which have an Eclipſe of the Sun of the ſame tude j 
uantity in the fame Moment of Time, lie un- of the 
der ſuch a Line. But the Determination of it we ha 

does not belong to this Place, nor indeed proper- 

ly to Aſtronomy. | 
Bur the neareſt Diſtance between the Centers He 
of the Luminaries near the New-Moon ſeen ner of 
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from the Earth is to be found the ſame Way as 
the neareſt Piſtance between the Centers of the 
Moon, and of the Shadow of the Earth near 
the Full-Moon, was found in Prop. 35; viz. by 
finding (by Prop. 31.) the Time of the true Con- 
junction, happening on a given Month, vz. 
when the Moon is found in NM, the Sun being at 
„ig. XLII.] SN being drawn for a Circle of 
Latitude, and finding the Places of the Moon's 
Nodes for the fame Time, (of which let $8 be 
neareſt to &) as alſo the Inclination of the Moon's 
Orbit to the Ecliptic ; upon which Account, in 
the Spherical Triangle & SN rectangular at &, 
you have given $2 &, the Diſtance of the Node 
and the Sun, and the Angle $2, which is the In- 
clination of the Lunar Orbit to the Ecliptic; - 
whence you will find the Side & N and the Angle 
NV. Again, in the Triangle SL N, (which, by 
reaſon of its Smallneſs, may be look'd upon as re- 
ctilineal) beſides the Right Angle at L, (for SL, 
by Conſtruction, is perpendicular to the Moon's 
Orbit, and ſo is the neareſt Diſtance of the Lu- 
minaries, namely, when the Moon is in L) you 
have given the Side SN lately found, and the 
Angle N; whence SL, the leaſt Diſtance of the 
Luminaries, will be found, and alſo the Side 
NL, which will be of Uſe afterwards : But you 
will readily find the Arc SL from the Tables of 
the Moon's Latitude, by taking it equal to the 
Moon's Latitude, when the Argument of Lati- 
tude is equal to the Arc $2.5, being the Diſtance 
of the Sun from the Node, the Reaſon of which 
we have ſhewn in the ſame Caſe, Prop. 35. 


COROELL ART, 


Hence will be defin'd the 'Terms for all Man- 
ner of Eclipſes of the Sun, that happen in any 
K k Part 
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Part of the Earth. For if TV be leſs than the 
Sum of the Semidiameters of the Earth's Diſc, 
and the Moon's Penumbra, there will only be a 
partial Eclipſe in ſome Part of the Earth. If 
TV te leſs than TR the Semidiameter of the 
Diſc, there will ſomewhere be a total Eclipſe of 
the Sun; at leaſt, a central one. Therefore in 
the rectilineal Triangle $4/T, which is deſcrib'd 
in the Diſc of the Earth, having given, beſides 
the Right Angle at V, the Angle / 7, and the 


Side VT, equal to the ſaid Sum of the Semi- 


diameters, you will find the Side 83 ); namely, 
the Diſtance of the Center of the Moon's Pe- 
numbra from the neareſt Node, and of the 
Moon from the oppoſite Node; which being 
ſuch, at the Time of the true New-Moon, the 
Penumbra will go by the Earth without touch- 
ing it: But if, at the ſaid Moment of the New- 
Moon, the Diſtance from the neareſt Node be 
| leſs than the above found Arc $27, the Moon's 
Penumbra will involve ſome Tract of the Earth, 
and the Sun will appear to be ſomewiſe eclipſed 
to the Inhabitants of that Tract. After the 
ſame Manner will the Terms be defin'd for a 
central Eclipſe of the Sun, happening ſome- 

where in the Earth, by taking the Semidiameter 
of the Diſc itſelf, inſtead of the Sum of the Se- 
midiameters of the Diſc and Penumbra, as was 
before ſhewn. But by reaſon of the Smallneſs 
of the Angle at $/, and of the Sides of the Tri- 
angle VAT, TN differs but very little from 
TV: Whence theſe will nearly be the Terms for 
the Sun's Eclipſe, whether Total or of any Kind 
happening in any Place; namely, the Diſtances 
of the Moon from the neareſt Node, when at the 
Jime of the true New-Moon, the Latitude is 


equal either to the Sum of the Semidiameters of 
the 
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the Luminaries and the Moon's Horizontal Pa- 
rallax diminiſh'd by once and a half the Sun's Ho- 


rizontal Parallax, or to the Difference of the 
Sun's and Moon's Horizontal Parallaxes. 


PRO POSITION XLII. 
T2 define the Time of the Beginning, Middle, 
and End, as well of every Eclipſe, or leſſen- 
ing of Light, upon account of the Moon's Penum- 
bra; as of a total Eclipſe of the Suu, happening 
iu any Part of the Globe of the Earth, upon a gi- 
ven Month; and thence to determine their Dura- 


Let DC@ be the Diſc of the Earth deſcrib'd 
about the Center 7, ſeen from a Point of the 


Right Line joining the Centers of the Earth and 


Sun, where it meets with the Heaven of the 
Moon. Let the common Interſection of, its Diſc 
and the Plane of the Ecliptic be the Right Line 
K; and T N perpendicular to it will be the 
common Section of the Planes of the Circle of 
Latitude, and of the Diſc of the Earth, in which 
the Point & is, where the common Interſection 
of the Moon's Orbit, and the Plane of the Diſc; 
or the Projection of the Moon's Orbit on the 
Plane of the Diſc, cuts the ſaid Circle of Lati- 
tude. When we ſuppoſe the Eye ſeeing this E- 
clipſe of the Earth plac'd in a Right Line, which 
joins the Centers of the Sun and the Earth, it is 
plain, that it will move together with the Sun; 
and therefore the Center of the Moon's Penum- 
bra will appear to deſcribe upon the Diſc of the 
Earth that Way from the Sun, of which we have 
amply treated in Prop. 36. Therefore let the 
Right Line IN S be conceived to be drawn thro? 


N, making with TN Angles on each Side equal 
to thoſe which the Moon's Way from the Sun 


.DY 1 makes 
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makes with the Circle of Latitude at the Time of 


the true New- Moon; and let this Way of the 
Moon from the Sun, defin'd for the New-Moon 
or Middle of the Eclipſe, be ſuppos'd to conti- 
nue during the whole Eclipſe; which indeed 
nearly happens: But if we wou'd proceed more 
exactly, we muſt draw it a- new in other Diftances 
of the Moon from the Node. From T draw TV 


perpendicular to /$2; and V will be the Point, 
to which, when the Center of the Moon's Penum- 


bra is come, it will be the leaſt diſtant of any 
from the Center of the Diſc, and run upon the 
Earth moſt of any ; as has been ſhewn in the fore- 
going Propofition. Moreover (from Prop. 3. 
El. 3.) V is alſo the Middle of that Part of the 
Right Line $8J, which lies in the Circle PCG, 
or any other concentric to it ; and therefore it is 
ſuch, that the Center of the Penumbra is found 
in it in the Middle of any Eclipſe of the Earth, 
which laſts as long as the Center of the Penum- 


bra is in running thro' the Right Line 4 B, ſup- 


poling TA to exceed TR by the Exceſs AC, 
equal to the Semidiameter of the penumbrous 
Circle; and alſo ſuch as the Center of the Penum- 
bra may be found in it in the middle 'Time, that 
the Center of the Penumbra, going thro? the Right 
Line EF, produces a total and central Eclipſe 


of the Sun in ſome Part of the Earth. Therefore 


the Problem comes to this, that the Point of 
Time be determin'd when the Center of the Pe- 
numbra is found in J. For doing of which, find 
(by Prop. 31.) the Time of the true Conjunction, 
which is in N; and ſince in the Triangle T N, 
beſides the Right Angle at V, you have the Side 
T N, and (by Prop. 36.) the Angle T NP, you 
will find NV in the fame Parts in which T'N or 
TR is given; that is, it will be known what An- 


gle 


- Centers of the Di 
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gle at the Eye is ſubtended by NV. But from 
the given Horary Motion of the Sun and Moon, 
the Moon's Horary Motion from the Sun is gi- 
ven, or the Arc which the Moon, going from the 
Sun, runs thro” in the Space of an Hour, that is, 
the Time neceſſary for the Moon to move from 
the Sun, thro” a given Arc; therefore the Time 
will be known which is requir'd for the Moon to 


move from the Sun thro” an Arc ſubtending an 
Angle, which the Right Line NV ſubtends, that 


is, that the Center of the Lunar Penumbra may 


run thro* the Right Line NV upon the Diſc of 


the Earth; that is, laſtly, the Time between the 


Moment of the true Conjunction, and the Mo- 
ment of the Middle of the Eelipſe, in reſpect 
of the whole Earth; therefore the firſt being gi- 
ven, the laſt will alſo be given: For the Moment 
of the Middle of the Sun's Eclipſe, in reſpect of 


the whole Earth, and alſo that of the Middle of 


the Moon's Eclipſe, goes before the true Con- 


junction, when the Sun and the Moon have juſt 


paſs'd either of the Nodes, but follows it when 
the Luminaries are not yet come to the Nodes. 
To find this 'Time more readily, we muſt make 
uſe of the 'Tables of the 'Time between the true 
Syzygy and the 2 Approximation of the 
c and of the Shadow, of which 

we ſpoke in Prop. 37. : 
Now having found the Time of the Middle of 
the Eclipſe, it will be eaſy to define the Begin- 


. ning and the End of every Sort of Eclipſe, or the 


Moments when the Moon's Penumbra firſt comes 
at, and laſt of all leaves the Diſc of the Earth 
For in the rectangular Triangle TV A, you have 
. the Sides TV, T A, the former of them 
efore found, and the latter, made up of the 
Semidiameters of the Diſc and of the Penumbra 
| Kkk 3 before 
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before determin'd ; and therefore AV will be gle 


ven, and thence as before, from the Moon's Ho- 


rary Motion from the Sun, you will find the 
Time requir'd for the Penumbra's Center to run 


Over it; that is, half the Duration of every Kind 


of Eclipſe; and as the Moment of the Middle of 
the Eclipſe is given, the Beginning and End of 
it are known. The Semi-mora, or half the Dura- 


tion of the whole Penumbra in the Diſc of the 


Earth, will likewiſe be found, if inſtead of T 4, 
the Sum of the Semidiameters of the Diſc and 
of the Penumbra, you take their Difference, juſt 
after the ſame Manner as it is done in the total 
Immerſion of the Moon in the Earth's Shadow 
in total Eclipſes of the Moon. 

But the Semz-mora of the Center of the Pe- 
numbra between the Earth's Diſc (or of the 
whole Shadow, which, as it is always ſlender, 
ſometimes none at all, is look'd upon as a Cen- 


ter) is found by inveſtigating EV from the gi | 
ven Lines TE, TV, and the Time requir'd for 


the Center of the Moon's Shadow to go over it, 


as before. But becauſe the Moment of the Mid- 


dle of the Eclipſe, and half the Duration of the 
Center within the Diſc are known, the Time 
will alſo be known when the whole Shadow 
comes at or leaves the Earth ; that is, when the 
Sun's total Eclipſe begins or ends to an Inhabi- 
tant of the Earth. | 


COROLLART. 


Hence you have all the Angles of the rectiline- 
al Triangles A T N, ETN, VTN, F NM, and 
B TN, and from hence alſo ſuch a Scheme of the 
Eclipſe of the Diſc of the Earth, as this which 
we ſpeak of, may be exactly deſcribed upon a 
Plane; as was done af the Moon's Eclipſe, 

| Corol. 
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Corol. 2. Prop. 39: For the 43d Figure is the ve- 
ry Scheme requir'd; therefore the Scheme may 
be rightly drawn. And as it is known what Parts 
of the Right Line $37, the Center of the Moon's 
Shadow, will go thro* in the Space of an Hour, 
and what a Clock it is ina given Place, when the 


{aid Center is at Nor V or any other Point given 


in $21; it is plain that if we aſcribe to the Points 
of this Line, rightly drawn, the Numbers by 
which the Hours are expreſs'd in a given Place, 
the Scheme requir'd will be perfect for a given 


Place. 


PrxoPOSITION XLIII. 


7 determine the Quantity of a Solar Eclipſe in 
reſpect of a Spettator upon the Earth within 
the Penumbrons Circle, which is a Section of the 
Moon's Penumbra by the Diſc of the Earth, when 
the ſaid Penumbra is in a given Place. Fig. 

XLIV.]. | | : 
Let EF be a Circle ſeparating the enlighten- 

ed Hemiſphere of the Earth, from the darken'd 

one, whoſe Plane therefore is the ſame with the 
Plane of the Diſc mentioned before. Let 225 

repreſent the Ecliptic on this Plane; Nes the 

Way of the Center of the Moon's Penumbra; N 
the Point, at which, when the Center of the Pe- 

numbra is come, there is a true New-Moon. Let 

A be the Center of this Penumbra, at a certain 
Point of Time, when the Shadow goes thro” the 
Right Line J, and let the Penumbrous Circle 
be MX; AN will be that Part of the Journey 
of the Penumbra,which will be perform'd between 
that Point of Time and the Moment of the true 
Conjunction, which will happen when that Cen- 
ter will be come to N. Let us ſuppoſe the Ob- 
ſerver plac'd within this Circle as at O, or ra- 
KKK 4 ther 
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ther in a Point of the enlighten'd Hemiſpherical 
Surface, which is ſhewn by a Right Line let fall 


from O perpendicular to the Plane of the Diſc ; 


then we are to find what Part of the Sun's Diame- 
ter is cover'd by the Moon, from the foreſaid 


Obſerver. Let the Right Line 40 be drawn 


and produc'd, till it meets with the Circle MX 
at M; 1 ſay that that Part of the Sun's Diame- 


_ tes which is cover'd by the Moon, is to the whole 


Diameter as OM to AM. For if the Obſerver 
was at M, the Moon wou'd cover no Part at all 
of the Sun's Diameter from him; but as the Ob- 
ſerver goes gradually towards A, the Center of 
the Penumbra, a greater and greater Part of 
the Sun's Diameter is cover'd from him by the 
Interpoſition of the Moon, till at laſt, when he 
is come to the Center A, the whole Sun (that is, 
its whole Diameter) is cover'd by it, if the Sun's 
apparent Diameter does not exceed the Moon's 
apparent Diameter, (which I here ſuppoſe, and 
which commonly happens in their mean ni- 
tudes) and the Vertex of the total r ger 
the Moon reaches as far as the Earth, or the = 
numbrous Circle MA has its Center perfectly 
and totally umbrous: And therefore if the Sun's 


Diameter be divided into twelve Parts, from the 


given Ratio between AM and OM, which is 


known from the given Situation of the Place be- 


tween the Circle MA, you will have the Di- 
gits, and Parts of Digits contain d in the dark- 
ened Part of the Sun's Diameter, in reſpe& to 
the Obſerver. 

But if, (in the 2d and 44th Fig.) the little 
Circle B 2 which is either wholly umbrous, or 
not altogether, but more obſcure than the reſt, 
and that equally be concentric to the Circle 


MX Q ; that is, if the Center or Point of the 
Moon's 
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Moon's Shadow be either extended beyond the 


Spectator, or falls ſhort of him, inſtead of A4 M 
you muſt in the firſt Cafe take-B M, the Dif- 
ference of the Semidiameters AM and AB; in 
the latter, CM their Sum, that is, the Sun's 
whole Diameter is to its Parts, coyer'd by the 
Moon at O in the firſt Caſe, as B Mto OM, and 
in the latter Caſe, as CM to OM. For in the 


firſt Caſe, the Spectator at B will ſee the whole 
Sun cover'd by the Moon; in the latter, the 


Spectator, plac'd at 4, will fee a bright Circle, 
which is the Remainder of the Sun's Diſc, en- 
compaſſing the dark Moon, like a Crown, whoſe 


apparent Latitude is equal to the Semidiameter 


of the Sun, when the Semidiameter of the Moon 


is taken from it, which is the ſame as the Semi- 
diameter A B, ſeen from the Moon; and the 


Spectator mult be at C, to ſee the Margin of the 
Moon touch the inner Diſc-of the Sun. 'Fhere+ 
fore the Quantity of the Sun's Eclipſe is deter- 
min'd in every Caſe. Q, E. F. 


PrxoPOSITION XLIV. —_ 

7 give an Account of the chief Phænomena of 

a Solar Eclipſe, and to deſcribe the Places of 

the Earth where they will happen, whilſt tbe Sba- 

dow of the Moon, in a New-Moon eclipſing the 

Sun, goes along the Earth. [Fig. XLV. |} I. 
Let CG D repreſent the Globe of the Earth, 

revolving from Weſt to Eaſt by its Diurnal Mo- 

tion upon the Pole P and the other Pole which 
is hid, or turning from C upwards towards G. 

Let the Hemiſphere of this Globe, ſeen in the 

Scheme, be that which is enlighten'd by the Sun, 


therefore the Sun will directly and perpendicu- 


larly ſhine on the Circle C D, whoſe Pole is &. 


 Thro' the Pole P and the Point &, let PSR, an 
| immoveable 
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Let AB repreſent the 


| Penumbra, deſ- 
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out the Earth's Surface, and alſo KSL T another, 
. the common Section of the Plane of the E- 
cliptic with the Surface of the Earth; Z SA an- 
other, at Right Angles to this, both theſe be- 
ing alike fix'd, between which. the Earth per- 


forms its Diurnal Revolution. It is certain that 


it is Noon at every Place of the Earth, when it is 
come to that Half of the Circle PSR, which is 
here viſible, becauſe the Sun is in the Plane of it. 
ay of the Center of the 
ibing the Track EN 


on the Surface of the Earth: Tho' the Hemi- 


ſphere of the Earth which is enlighten'd by the 
Sun, and conſequently has Day, be ſuppos'd to 


be rais'd up above the Surface of the Scheme, 


yet the Way AB g is conceiv'd to be gone thro' 
y the Center of the Penumbra, on the Plane 
of the Diſc, upon which the ſaid Hemiſphere 
ſtands. Moreover, tho' PSR, K SY, ZSX, be 
Circles in the ſaid enlighten'd Hemiſphere, croſ- 
ſing one another in 5, the Point directly under 
the Sun, they alſo repreſent the Right Lines 
upon the Diſc of the Earth, directly under theſe 


Circles, viz. thoſe which are the orthogra- 


phical Projection of theſe Circles, when the Eye 
is ſuppos'd at a very diſtant Point of the Right 


Line, which joins the Centers of the Earth and 
Sun. | 


It is plain, that when the Center of the 


| Moon's Penumbra is come to A. (namely, when 
the penumbrous Circle touches the Dif 
Earth in C) the Eclipſe of the Sun will begin to 
be to an Inhabitant at C: Now he that is at C, by 
the Diurnal Revolution of the Earth, begins to 
enter the enlighten'd Hemiſphere ; that is, the 
Sun riſes to him; therefore to the Inhabitants of 


of the 


the 


immoveable Circle be ſuppos d to be drawn 2 | 
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the Earth at C, which is the firſt Place the Pe- 
numbra reaches to, the riſing Sun will firſt of 
all appear to be eclipſed in its Upper or Weſtern. 
Limb or Edge. When the Center of the Pe- 
numbra it ſelf comes to the Earth at E, an In- 
habitant at E ſees the riſing Sun totally eclips'd, 
becauſe he is under the Center of the Penumbra. 
He that lives upon that Point of the Earth, 
where the whole Penumbra, receiv'd within the 
Diſc of the Earth, (if that happens) touches it 
inwardly, will perceive an Eclipſe of the Sun to 
end at the lower Limb of the riſing Sun: So he 
which is in that Point, where the Penumbra. 
does laſt of all touch the Diſc inwardly, as it is 


ready to go out of it, will perceive the Eclipſe 


of the Sun to begin, as the Sun ſets. Me have 
not expreſs'd thoſe TWO Caſes in the) Figure, 
leſt we ſhould make a Confuſion. | | 
When the Center of the penumbrous Circle 
is come to ZS A, which is a Right Line in the 
Diſc perpendicular to the Ecliptic, or when the 
Axis of the Moon's Penumbra at N, comes to 
the Circle ASX, which anſwers to the afore- 
ſaid Right Line, it being the Diameter of it; 
that Point of the Earth's Surface, which is under 
the Point N of the Circle Z SX, has a Central 
Eclipſe f the Sun, and to a Spectator at N or 
any other Point of the Circle Z & X the Sun ap- 
pears in the higheſt Point above the Horizon. 
For ſince, by Suppoſition, the Circle Z X goes 
thro* the Zenith of the Spectator, it will be per- 
pendicular to this Horizon: But it is alſo per- 
pendicular to the Ecliptic at S; and therefore 
(by Elem. Spheric.) js a whole Quadrant diſtant 
from the ſaid Concurrence of the Ecliptic and the 
Horizon. But half the Ecliptic (becauſe it is a 


great Circle) is above any Horizon, whence Z X 
ws meets 
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meets with the Ecliptic in a Point diſtant from 
the Eaſt Point, by a whole Quadrant, or the 
higheſt Point. I herefore an Inhabitant of the 
Earth, which is then at the Point of the Earth's 
Surface at AN, ſees the Sun centrally eclips'd in 
the goth Degree: But he that lives from N to- 
wards Z or A, but in the Circle Z SA, does in- 
deed ſee the Sun eclips'd at its goth Degree, if 
he dwells within the Limits of the penumbrous 
Cirele; but more or leſs according to his greater 
or leſs Diſtance from N, as has been ſhewn in the 
foregoing Propoſition. Likewiſe when the Pe- 
numbra comes to the immoveable Circle P&R 
at M, an Inhabitant of the Earth, which is under 
it, ſees the Sun eclipſed juff at Noon: But thoſe, 
that live from M towards either Pole under the 
ſaid Meridian P R, ſee the Sun at Noon in a 
Partial Eclipſe, -if they are within the Limits of 
the Penumbra. And he, that is removed from 
M towards the North Pole P, ſees the Sun's 
Southern Part eclipſed, and ſo on the contrary ; 
which alſo happens in the firſt Caſe, and univer- 
ſally in all Cafes. At laſt the Center of the Pe- 
numbra being come to F, the End of the Diſc, 
the Spectator, which at the ſame Time is at that 
Point, ſees the ſetting Sun (becauſe being rea- 
dy to change Day for Night, he goes gut of the 
_ enlighten'd, into the darken'd Hemiſphere) cen- 
trally eclips'd. But he that, being at O, re- 
ceives-the laſt Stroke of the Moon's Penumbra, 
ſees the ſetting Sun as it were contiguous to the 
Moon in its upper Limb, and the End of the E- 
clipſe, be it of what Kind it will. 
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PRO POSITION XLV. | 
Fx determine the Place of the Earth (that is, 
its Longitnde and Latitude) where the rifiu 
Sun appears to be eclips'd in its upper Limb. 
[Fig. XLVI. ]. 

Things being as before, the Longitude and 
Latitude of the Point C is to be determin'd. Let 
the great Circle SC, which in this, as well as 

in the foregoing Figure, appears as a Right Line, 
be drawn thro' the Point of the Earth S, to 
which the Sun is perpendicular, and thro' the 
Point C. Draw alſo PC, P, Arcs of great Cir- 
cles. In the Spherical Triangle P SZ, you have 
three Sides given, vi. PS, the Diſtance of the 
Sun from the enlighten'd Pole, SZ, a Quadrant, 
and PZ, the Diſtance of Z, the Pole of the E- 
cliptic (becauſe the Arc S is perpendicular to 


the Ecliptic K Sand extended to a Quadrant) 


from P the Pole of the Zquator ; therefore the 
Spherical Angle between the Arcs SP, SZ, is 
known, being the ſame with the reCtilineal An- 
ole between the Right Lines SP, SZ, drawn, in 
the Plane of the Diſc ; as generally the Angle in 
the Surface of a Sphere, is equal toa eQilineal 
Angle, which the common Sections of the Planes 
of Circles, comprehending a Spherical Angle, 
make on a Plane perpendicular to both of them. 
Moreover (by Corol. Prop. 42.) the rectilineal 
Angle NSA and Z SC on the other Side of 
it are given, and therefore alſo PS the Sum 
or Difference of it and of Z SP, or the Spheri- 
cal Angle on the Surface of the Earth, compre- 
hended by the Cirtles SP, SC: Now in the 
Spherical Triangle C'S, beſides the Angle PSC 
lately found, you have the Sides SP, SC, of 
which the laſt is a Quadrant, and the firſt the 
| Diſtance 


8 
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Diſtance of the Place C from the Pole P, that is, 
the Complement of its Latitude; therefore the 
Angle SPC will alſo be given, in this Triangle. 
But (by Prop. 42.) the Time is given when the 
Moon's Penumbra firſt touches the Diſc of the 
Earth at C, reckon'd in ſome determinate Place: 
Let this Place be H, whoſe Meridian is PH; 
therefore the Angle SP H will be given, vis: 
that by which the Sun has already paſs'd the 
Meridian, or is ſhort of it. 'Therefore HPC, 
the Sum or Difference of the Angles CPS, HP, 
will be given, whereof HPC is the Difference 
of the Meridians of the Place C, and the given 
Place H. 'Therefore the Longitude and Lati- 
tude of the Place is found. O; E. F. | 
You may after the ſame Manner find a Place, 
where the Setting Sun is eclips'd in its upper 
Limb, which the Moon's Penumbra leaves laſt 
of any. lon, | 
PRO POSITION XLVI. 
O determine what Place in the Earth is under 
he Center of the Moon's Penumbra at a given 
Hour, in a given Place, or in which the Sun is 
centrally eclips'd at a given Time.| Fig. XVII. ] 
Things remaining as before, ſince the Place, 
where the Sun appears certainly eclips'd, is re- 
quir'd, and the 'Time of ſuch an Eclipſe is given, 
as well as the Time of the true Conjunction, by 
Prop. 31, this Interval is given, and therefore 
from the Sun and Moon's Horary Motion, the 
Moon's Motion from the Sun, agreeable to that 
Interval, is alſo given. Whence, in the recti- 


lineal Triangle SNA, deſcrib'd in the Earth's 
| Diſc, you have given (by Prop. 36.) the Angle 
NM equal to the Angle comprehended between 
the Circle of Latitude, and the Way of the or 
| | ow, 
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dow, the Side & N being the Sine of the Moon's 
Latitude in the true Conjunction, and AN the 
Motion of the Center of the Penumbra agree- 
able to the Interval between the propos'd Time 
and the Time of the true Conjunction; there- 
fore the Side SA, and the Angle ASN will be 
given, or its Complement to two Right Angles: 
But Z SP is given (as was ſhewn in the forego- 
ing Propoſition) therefore you will alſo have the 
rectilineal Angle PSA, and the ſpherical Angle 
upon the Earth's Surface PSA, which is equal to 
it. You have alſo the two Sides SA, SP, of the 
ſpherical Triangle PSA, this laſt being equal to 
the Sun's Diſtance from the Pole P, and the firſt 
will be found after the following Manner: 'To 
the Right Lines SC, SA, drawn on the Plane of 


the Diſc, anſwer upon the ſpherical Surface, 


two Arcs, beginning from the Point S, which is 
directly under the Sun, of which & C is a Qua- 
drant, and SA is an Arc, whoſe Right Sine is 
the Right Line SA; therefore the Arc SA, being 
the Side of the Triangle PSA, is that whoſe Sine 
is to the Radius, as the given Right Line SA is 
to the given one SC; and therefore the Arc SA 
is known. Whence in the Triangle PSA you 
will know PA, the Complement of the requir'd 
Latitude of the Place A, and alſo the Angle SPA. 
But fince the Time is given, as reckon in the 
determinate Place H, the Angle SPH is given ; 
therefore you will alſo have the Angle HPA, 


which is the Difference of the Meridians of the 


determin'd Place H and of the requir'd Place A. 
You may, after the ſame Manner, find the 
Place of the Earth, where the Sun's central E- 
clipſe happens in the goth Degree of the Eclip- 
tic from the Eaſt. We have demonſtrated in the 
44th Propoſition, that that happens to him, _ 
— — Þ y 
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by the Earth's Diurnal Revolution is brought to 

„hen the Center of the iloon's Penumbra 
falls on that Point: And we have fhewn in Prop. 
31. the Time number'd in the Place H, when 
this happens, (for it is the ſame with the 'Time 
of the true Conjunction of the Luminaries ;) 


therefore this is only a particular. Caſe of the 


foregoing Problem. 
SCHOLIU M. 


Hence therefore is defin'd that 'Tract of Earth, 
which the Center of the Moon's Penumbra goes 
thro* in the Solar Eclipfe of a given Month ; 
that is, all the Places which have ſucceſſively a 
central Eclipſe of the Sun. If (by Prop. 46.) 
you would know in what Place of the Earth the 
_ riſing Sun is centrally eclips'd, and then ano- 
ther Place where it is centrally eclips'd half an 
Hour, or an Hour after, and ſo on till you come 
to the Place where the Sun is eclipſed after the 

fame Manner as it ſets ; thoſe Places, join'd by 
a Line or Lines on the Earth's Surface, will ſhew 
that requir'd Tract. If on either Side about this 
Line, you draw as it were a Zone, whoſe Breadth 
is equal to the Diameter of the Moon's Penum- 
bra; the whole Tra& of the Earth involv'd in 
the Penumbra which can have any Eclipſe of the 
Sun, will be taken in. In that Tract may be 
mark*d the Places where the chief Phaſes are, as 
where the Sun is eclipſed in the goth Degree, 
and where in the Meridian, Ec, 
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| PxopOsI TION XLVII. 
TO determine the Place in the Earth's Surface, 
where an Eclipſe of the Sun is either Total or 
Central, or where a given Part of its Diametey, 
towards a given Pole, will be hid by the Moon juſt 

at Noon. | Fig. XLV111.] 5 
Things remaining as before, it appears, that 
that Point of the Earth which comes to M, to- 
gether with the Center of the Moon's Penum- 

bra, will have an Eclipſe of the Sun juſt at 

Noon. In order to find this, obſerve, that in 
the rectilineal Triangle MS, deſerib'd in the 
Diſc as before, you have given (by Prop. 3 6.) 


the Angle SN AM, (namely, that which the 


Way of the Moon from the Sun contains with 
the Circle of Latitude) NS the Diſtance of the 
Centers of the Difc and Penumbra, at the true 
Conjunction, and the Angle NS M equal to 
the Spherical Angle Z SP in the Superficies of 
the Sphere contam'd at the Sun between SE and 
P FR, which are ſecondary Cireles of the Eclip- 
tick and the Zquator ; whence you will have 

the Right Line NM, and therefore the Time 
requir'd for the Center of the Penumbra to go 
thro' it in its Motion from the Sun: But the 
Time reckon'd at a given Place, in which that 
Center is in that Point N, is given, namely, 
the ſame with the Time of the true Conjuncti- 
on of the Luminaries ; therefore alſo the Time 
| number'd in the faid Place, when the Center 
of the Penumbra is in A. will be given. Find 
| therefore, by the foregoing Propoſition, that 
Place of the Earth where at that Time the Sun 
will be ſeen in a central Eclipſe ; and it will de 
the ſame in which the Sun is centrally eclips'd 


at Noon. | 
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Suppoſe that about the Center M, in the 


Plane of the Diſc, there is defcrib'd a penum- 
brous Circle, cutting the Right Line PSR at C 


and D; then, as the er apparent Di- 


ameter is to the given Part Mit hich is not 


eclips'd in the Place requir'd, ſo let the Semi- 
diameter of the Penumbra be to MO, and let 
MO be taken towards the Pole oppoſite to that, 
towards which the eclips'd Part of the Sun is, 


(for Example, if the Sun's eclips'd Part lies to- 


wards the hidden Pole in Fig. 49. let O be ta- 
ken towards P, the Pole in Sight;) then the 
Point on the Earth's Surface which a Right Line 
drawn from O, perpendicular to the Plane of the 
Diſc, ſhews, will be the Place requir'd, in which 
the Sun juſt at Noon, in a given Part, is eclips'd 
towards the Pole oppoſite to P.; as it is plain e- 


1 nough from the 43d and 44th Propoſitions. It 
inſtead of the umbrous Center M, either the 


whole Circle be totally umbrous, or there is no 
total Shadow, but a Circle equally enlighten'd, 
(as in Schol. of Prop. 33.) inſtead of the Semidi- 


ameter MC, you muſt take the Difference or the 


Sum of the Semidiameters of the Circle CD, and 
another within and concentric to it; as it has 
been ſhewn in the ſaid 43d Prop. To find the Lati- 

tude of this Place O, (for the Longitude is known 
from knowing the Hour in a given Place, when 

it is Noon to an Inhabitant at O) obſerve that the 
Right Line SM is given, namely, a Side in the 

Triangle SN 2, alſo MO, each of them (and 
therefore their Sum or Difference) in Parts of 
5A, the Semidiameter of the Diſc of the Earth; 
therefore you will alſo have the Arc, which is 


over it in the Surface of the Earth, of which 


SO is the Sine: But the Arc SP, vi. the Di- 
ſtance of the Sun from the Pole P, is given ; and 
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therefore the Arc PO will be known, and its 
Complement to the Quadrant of a Circle, is the 
Latitude of the Place O, which was requir'd. 
. E. F. > We 

If the Point O falls out of the Diſc of the 
Earth KZTX, the Problem is impoſſible. After 
the ſame Manner may be determin'd the Place 
where the Eclipſe of the Sun is in its goth De- 
gree, or of its Riſing or Setting, is of a given 
Quantity, or where the Sun upon a given Time, 
reckon'd in a given Place, is eclipſed. a determi- 
nate Number of Digits. In the laſt Caſe there 
are innumerable Places, but in each of the for- 
mer Caſes, there are, at moſt, but two, which 
anſwer to what is requir'd. | 


PRO POSITION XLVIII. 8 

0 determine whether there will be a viſible E= 
8 clipſe in a given Place of the Earth, on the 
New-Moon of a given Month; and, if there is one, 
to deteriaine the Time of the greateſt Obſcurity, 
and the Quantity of the Eclipſe. | Fig. XLIX.) 
We have hitherto conſider'd the Sun's Eclipſe 
in reſpect of the whole Earth, (or rather, pro- 
perly ſpeaking, the Eclipſe of the Earth,) as 
we did the Moon's before: Now we muſt con- 
ſider it as it is ſeen from a given Place of the 
Earth's Surface. Since the Time that Kepler 
gave Aſtronomers the Moon's 'Shadow on. the 


| Earth's Diſc, to be viewed from the Lunar Hea- 


ven, they have with Emulation endeavoured to 
deduce an Eclipſe of the Sun, viſible in a given 
Place, and all the Phznomena attending it, 
irom the ſame Scheme of the Diſc of the Earth, 
over which the Moon's Penumbra paſſes. Bur 
as this js done in a leſs Geometrical Manner, 
(and a 'Trigonometrical Calculation can ſcarce 

L112 be 


628 The ELEMENTS Book IV. 
be applied to it) and certainly a leſs natural one, 
and (as Mr. De 1a Hire, who makes uſe of it, 
confeſſes) ſomething more tedious ; we, accord- 
ing to the Example of Kepler himſelf, in the 


Rudolph. Tables (who certainly knew how far 


his Invention wou'd reach) ſhall follow another 
Way, ſhewn by Ptolemy (in the 6th Book of his 
Amageſt.) and his excellent Interpreter Regio- 
montanus, that it may alſo be known to the 
Reader; at the ſame Time not forgetting to 
commend the Method given by the ingenious 
Mr. Flamſtead, in his Doctrine of the Sphere, by 
which the Solar Eclipſe, or the Moon's Appul- 
ſes to the fix'd Stars in a given Place, is graphi- 
cally and handſomely protracted, the Places in 
the other Hemiſphere of the Earth, turn'd from 
the Sun or Star, being orthographically proje- 
Qed on its great Circle. LR © 
Let CN repreſent the Ecliptic, & the Sun's, 
and L the Moon's true Place. at the Time of the 
true Conjunction; find (by Prop. 63. B. II.) the 
Sun's and Moon's Parallaxes of Longitude and 
Latitude, by which their Places in the Ecliptic, 
or Diſtances from the Ecliptic, may be correct- 
ed; and this for the ſaid Time, tho? not very 
accurately : 'Then, from the true foregoing 
Places, or Places ſeen from the Center of the 
Earth, & and A ſeen from a given Place in the 
Surface of the Earth (or ſimply ſeen, as they 
call it) will be had. We don't make the Sun's 
Place differ from that mention'd before, to a- 
void Confuſion in the Scheme, as well becauſe 
the Sun's Parallax is ſo ſmall, that it may well 
be overlook'd in this Scheme, and alſo chiefly, 

- becauſe in taking the Moon's Parallax from the 
Sun (as it has been ſhewn in the ſaid 63d Prop. 
of Book II.) the Line NC may be taken for the 
apparent 
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apparent Way of the Sun, or for the Ecliptic. 
Let the Moon's apparent Flace 4 be reduc'd to 


the Ecliptic in C, and let its Latitude be AC. 
Now to determine the Point, in which the Cen- 


ter of the Moon will appear to the propoſed Spe- 


ctator, to be at the neareſt Diſtance from the 
Center of the Sun, that is, when the greateſt 
Obſcurity (if any will be) ſhall happen; find 
the Situation of the Moon's apparent Way from 
the Sun, by ſeeking again, from what has been 
jaid down, (for a Time little enough diſtant from 
that in which the Moon appears in A) the Places 
of the Sun and Moon, as they appear to the 
given Obſerver, and imagining the Sun to be 
drawn back to its old Place S, and the Moon at 
the ſame Time drawn back as much. The Place 
of the Moon ſo found let be K, which, being re- 
duc'd to the Ecliptic, will ſhew its Longitude at 
D, and its Latitude K D. Now the Arcs CA, 
DX, and CD, being given, you may (by Lem- 
ma of Prop. 36.)determine the Situation A N of 
the Moon's apparent Way, in refpect to the E- 
cliptic ; namely N, the Point of Concurrence 
with the Ecliptic, and the Angle ANC. From 


the Sun's Place 5, let fall SM, perpendicularly 


upon AN, and the Point M is the neareſt to S, 
of all the Points in AN: To find which, obſerve 
that in the Triangle NS M, beſides the Bight 
Angle at M, the Angle N and the Hypothenuſe 
NS, each lately found, are given: Whence 


M and MN will be known; therefore alſo 


MA, becauſe the Arc AN is known. Now be- 
cauſe Mis a Point of the Lunar Way, which is 
the fartheſt diſtant of any, from the Sun &; it is 
plain, if a propos'd Spectator is to have any E- 
clipſe of the Sun, that it will happen when the 
Moon's Center appears to be in M, and that 

L113 chen 


* 
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then alſo the greateſt Part of the Sun's Diſc will 
be hid by the Moon; and it is alſo plain, that 
if the before: found Abe greater, or equal to 
the Sun and Moon's apparent Semidiameters SR 
and MA together, then a propos d Obſerver 
will have no Eclipſe; if SM be leſs than &'R 
and MH taken together, then 8 at leaſt 
be ſome Eclipſe. But & Mis found for the New- 
Moon of a given Month, and (in the ſame 
Parts, v: z. Parts of a Circle) the apparent Di- 
ameters of the Sun and Moon are above deter- 
min'd ; whence it may be defin' d, whether the 
N ew-Moon of a n Month will be eclipſed 
or no. 

If there is to be an x Eclipſe, in order. to deter- 
mine its Quantity, we muſt take Notice that 

[Fig. L. SR and MH, taken together, are e- 
qual to M and R H together: If therefore, from 
the known Sum of the Semidiameters of the Sun 
and Moon be taken the known Arc SM, there 
will be left R H, Part of the Sun's Diner co- 
ver'd from the Moon at the Time of the greateſt 
Obſcurity, which is eaſily reduc'd to Digits and 
Parts of Digits, becauſe we already have the 
Sun's whole Diameter, and the cover'd Part of 
it in ſuch Digits. 

But it is plain from . Obſervation, that the 
Moon's apparent Diameter is leſs (or perhaps 
the Sun's apparent Diameter is greater) when 
there is an Eclipſe of the Sun, than at the ſame 
Diſtance from the Eye, when there is no Eclipſe, 
(for Reaſons ſhewn in B. I. Prop. 19.) and that 
that Difference is about the Goth Part of the 
whole Diameter: We mult therefore have Regard 
co this Correction, when we define the Quantity 
and Phaſes of the Eclipſe. 
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Laſtly, to determine the Time that the Moon's 
Center will be found in M, obſerve that the 


Time is given (becauſe it is taken) wherein the 


Moon by its apparent Motion from the Sun 
(compounded partly of the Moon's true Motion, 
partly of its apparent Motion ariſing from the 
Parallax) goes thro' the known Part AK of the 
apparent Way AN, or rather the known Arc 


CD of the Ecliptic, and that beſides there is 


given the Arc A M, namely, the Sum or Diffe- 
rence of the known Arcs AN and MN; whenee 
by Analogy you will have the Time neceſſary 


for the Moon, by its apparent Motion from the 


Sun, to go thro' AM: But the Time is given in 


vhich the Moon is ſeen in 4; therefore the Time 


will alſo be known when it will appear in M. 


where it hides the Sun moſt of all from a given 


Obſerver; '\@ R 12s. | | 
For the Time found, in which the Moon is in 


AM, find again the Place of the Luminaries, to 
know whether all is rightly perform'd, or whe- 


ther there is Need of a farther Correction. 


SCHOLIUM. | Fig. XLIX.] 

In the foregoing Operations we have ſuppos'd 
the Moon's Motion from the Sun in the appa- 
rent Way AN to be equable, which is not true 
for tho' the Moon's Motion from the Sun in its 
true Way L B, during the whole 'Time of the 
Eclipſe, differs but little from an equable one, 
yet ſince there is a Parallax of its apparent Mo- 
tion in its apparent Way (as has been ſhewn at 
large in the Definitions of the Parallaxes (Prop. 
45. B. II.) for that Reaſon it differs a little from 
an equable one. Therefore for the Determina- 
tion of the apparent Way AX, you muſt take 
the Time after the Moon has been in 4, if C is 

III after 
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after &; hut the Time before, if C be before &, 
according to the Order of the Signs, and, as far 
as we can conjecture, almoſt equal to that which 
the Moon muſt take up to move from 4 to M; 
Which will be nearly equal to that which is re- 
quir'd for the Moon, by its Motion from the Sun 
along the Ecliptic, to run thro' the known Are 
CS; 9 they only differ by the apparent Moti- 
on ariſing from the Parallax. 
If from & be drawn SV, perpendicular to the 
Ecliptic, meeting the Moon's apparent Way at 
V V will be the Point where the Moon's Center 
is, at the Time of an apparent Conjunction. But 
AV may be thus found: In the Triangl nge. N. SF, 
| beſides the Right Angle N SV, there are given 
the Side NS and the Angle N; wherefore the 
Side NV will be known; and ſmce the Arc N 
is alſo known, VA will likewiſe be found ; there- 
fore the Time neceſſary for going thro* it will 
be known, and therefore the very Moment of 
the apparent Conjunction. But becauſe the 
Points Mand V are very little diſtant from each 
other, therefore the Time of the apparent Con- 
junction is ommonly taken for the Moment of 
as greateſt Darkneſs, 


| 333 XLIX. 

709 determine the Time of the Begiuning and 
' Eud of a Solar Eclipſe, happening upon a 
given Month, and ſeen in a given Place, _ ſhew 

what its whole Duration will be. | Fig. LI. ] 
Things being as before, let us hs x XK to 
be the Moon, going along its Way AN, and HR 
to be the Sun at R. It is requir'd to find the 
Time, when they will be in this Poſition, Let 
& and L, the Centers of the Luminaries, be 
join'd by L, the Arc of a great Circle. — 
the 
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the Triangle ML, beſides the Right Angle at 


| 24, you have given the Sides & M, SL, the firſt 


of them determin d in the foregoing Propoſition, 
and the laſt, the Aggregate of SR, LR, the Se- 
midiameters of the Luminaries ; therefore the Aro 
ML will be known, which is in Appearance to 
be run thro' by the Moon's Motion from the Sun 
between the Beginning of the Eclipſe, and the 
Moment of the greateſt Obſcurity (known by the 
foregoing Propoſition) happening when the Cen- 
ter of the Moon comes to M.: Therefore alſo 
you will know the Quantity of its correſpondent 
one £F, in the Ecliptic; reckon'd' backwards 
from S. In order to determine the Time requir'd 
for this, at the Time affum'd (which is an Hour 
or 'Two, according as the Duration of the E- 
dipſe is great or ſmall, which will be known 
from the Greatneſs or Smallneſs of the Arc S N; 
and here again all will be ſo much more exact, 
as the Time aſſum'd comes nearer to the half 
Duration of the Eclipſe) before the known Mo- 
ment of the greateſt Obſcurity, find the appa- 
rent Places of the Luminaries, which being re- 
duc'd. to the Ecliptic (the Sun's Place being 
come to S will make the computed Diftance 
CS, in the Ecliptic. Knowing then the Time 
(becauſe it is taken) that CS, a known Are of 
the Ecliptic, is run thro' by the Motion of the 
Moon from the Sun; you will alſo know the 
Time, in which another known one, BS, is gone 
thro', by the fame Motion of the Moon from the 
Sun; that is, the Time between the Moment of 
the greateſt Obfcuriry, and the Beginning of the 
Eclipſe: But the former is determin'd by the 
foregoing Propoſition ; therefore this latter will 
be alſo known. | 


II. 


— 
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If the Moon's apparent Motion was equable, 

there would be as much Time requir'd from the 
Moment of the greateſt Obſcurity, to the End 
of the Eclipſe, as from the Beginning to the 
ſaid Moment, becauſe the Right Line MP is 
equal to L M, ſuppoſing the Moon H to touch 
the Sun RH, at the End of the Eclipſe ; and 
the Time of the greateſt Obſcurity wou'd coin- 
cide with the Time of the Middle of the Eclipſe, 
as it happens in the Moon's Eclipſe, where there 
is no Parallax of the Moon from the Shadow of 
the Earth; for they touch one another, But 
becauſe here it happens otherwiſe, as has been 
ſhewn in the foregoing Propoſition, in order to 
find the Time of the End of the Eclipſe, you 
muſt repeat the ſame Operations, finding what a 
Portion of its Way the Moon goes thro” in a 
Time taken after the greateſt Obſcurity, and 
finding, by Analogy, how, much 'Time is re- 
quir'd for the Arc PM (equal to the before- 
found one L to be mov d thro' by the Moon's 
apparent Motion from the Sun. For this, being 
added to the before- found Moment of the great- 
eſt Obſcurity, will give the Moment of the End 
of the Solar Eclipſe, ſeen from a propos'd Place: 
And knowing the Time of the Beginning and 
End, you will know the whole Duration. & E. F. 


SCHOLIUM. 


Whilſt the greateſt Part of the foremention'd 
'Triangles is reſolv'd by Trigonometry, they 
may be look'd upon as Plane: For by Reaſon of 
tlie Smallneſs of their Sides, the Part of the 
ſpherical Surface, which they take up, differs little 
from a Plane, as was ſaid before in the like Caſe, 

Prop. 38. Ind this gives a compendious Way of 
Calculating Eclipies of the Sun, which is very 
ft valuable, 


— 


valuable, becauſe the Way of doing it by the Cal- 
culation of the Parallaxes, which muſt be ſo of- 
ten found, is very tedious ; but we muſt be cau- 
tious how we uſe this ſhort Method. 


COROLLARK-. 


Hence alſo may we exactly draw a Scheme 
of a Solar Eclipſe for a given Place. For fince 
ſo ſmall a Part of the Heavens, as comprehends 
the Sun, (reckoning the Space it takes up from 
the Beginning to the End of the Eclipſe) may 
be look'd upon as a Plane, the Ecliptic C NM to- 

echer with the Sun's apparent Way 4 N (which 
1 by reaſon of the Parallax, will ſen-. 
ſibly vary from a great Circle, or a Right Line) 
and the Points 5, M, L, and P, where the Sun's - 
and the Moon's Centers are at the ſaid Times, 
may be rightly protracted after the common 


Method: And deſcribing Circles about the Points 


and M, whoſe Diameters are proportional to 
the apparent Diameters of the Luminaries at that 
Time, and are taken in ſuch Parts, as the Por- 
tions of the Ecliptic, and the apparent Way, 
were before taken, you will have the Sun's Pha- 
ſis, at the Time of the greateſt Obſcurity. And 
as (by Prop. 36. B. II.) you have the Angle 
which the Ecliptic comprehends with the Sun's 
Vertical, and the Situation of the Vertical, in 
reſpect to the Meridian; if the Scheme, above 
drawn, be inclined to the Plane of the Meridi- 
an, and to the Horizon, in the due Angles al- 


reœady found, the Scheme of the greateſt Obſcu- 


rity will be perfect. Moreover, if the Line A N, 
repreſenting the Moon's apparent Way, be divi- 
ded into ſuch Parts as the Moon appears to go 
thro' in Hours, and Parts of Hours (all the while 

ſuppoſing 
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fuppoſing the Sun at Reſt) and you number 
them with the Hours, as they are reckon'd in a 
given Flace, (which may be eaſily done, becauſe 
the Times of the greateſt Obſcurity, of the Be- 
ginning and of the End, which are ſet againſt 
the Points M, L, and P, are known from the 
foregoing Propoſitions ;) you will have an exact 
Scheme: And a Phaſis, agreeable to a given Hour, 
may immediately be drawn, if about the Center, 
which has the given Hour ſet down againſt. it, 
you draw a Circle with a Diameter equal to the 
Moon's apparent Diameter ; for it will cut off a 
Segment from the Circle about the Center 5, 
which repreſents the Sun, ſimilar and ſimilarly 
poſited to the Ecliptic, with that of the Sun, 
which the Moon at that Time covers. 

The Tables neceſſary for calculating the E- 
clipfes (beſides thoſe that we have deſcribed in 
the 26th and 25th Propoſitions) their Founda- 
tion, Deſcription and Order, (as far as our De- 
ſign will permit) are to be had in their proper 
Places; namely, that of the Luminaries appa- 
rent Diameters in Prop. 32. that of the Inclina- 
tion of the Moon's Way from the Sun to the E- 
cliptic, in the Schol. of Prop. 36. and that of the 
Time between the true Syzygy, and the Middle 
of the Eclipſe, in Prop. 37. | 
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ProOPoSITION L. 

O give the Reaſon why the Lunar Tables, hi- 
therto calculated, ſhew the Moon*s Place in 
the Eclipſes of the Luminaries, generally more ac- 
curately in the Syzygies than in any other Aſpetts, 
eſpecially than in the Quadratures. : 
Beſides that, in order to determine the Lu- 
nations, the Syzygies of the Sun and Moon 


have been more accurately obſerv'd by Aſtro- 


nomers, than any other Phaſes, and the Moon's 
Place, in reſpect of the Sun, has been moſt nice- 
ly obſerv'd in Eclipſes of the Luminaries, and 
thence a 'Theory has been particularly made and 
fitted for finding the Moon's Place, in thoſe 
Caſes, by Calculation ; all the Monthly Inequa- 
lities, whether thoſe that are to be fill'd up in 
the Syzygies with the Sun, or thoſe that affect 
the Motion of the Moon and its Orbit, ceaſe in 
the Syzygies ; and have ſenſible Effects in the 
other Aſpects. But Al of them (except the Va- 
riation alone) are neglected by the Conſtructors 

of Lunar Tables, as has been ſhewn in the 29th 
Prop. whence we ſee the Reaſon why the Moon's - 
Place, taken from thoſe Tables, is more exact 
in the Syzygies, than in any other Aſpect with 
the Sun. For all theſe Inequalities become 


4 greater, by how much the Moon is farther re- 


mov'd from the Syzygies, ſo that they are great- 
eſt when the Moon is in the Quadratures : For 
the Apſes of the Lunar Orbit, which, abſolute- 


ly ſpeaking, go forward, do in the Moon's Qua- 


dratures either go back, or at leaſt go forward 
more ſlowly, by Prop. 8. Likewiſe the Nodes, 
whoſe abſolute Motion is regreſſive, go back 
ſlower, when the Moon is in Quadrature with 
the Sun, by Prop. 14. And the — 

- | O 


* 
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of the Lunar Orbit is leſs, and its Inclination to 
the Ecliptic greater (by the 12th and 15th Pro- 
poſitions) 'when the Moon is in Quadrature with 
the Sun, than in any other Aſpect, ceteris pa- 
ribus; whence the Lunar Tables, hitherto con- 
ſtructed, are very far from determining the 
Moon's true Place in the Sun's Quadrature. A- 
gain, ſince there is no Account in the Tables, of 
the Moon's greater . Diſtance- from the Earth in 


the 8 in the Syzygies, (of which 


we have treat the 2d Prop. and its Corolla- 
ries,) and of the Moon's Parallax and apparent 
Place, which depended upon it; theſe laſt are 
falſly taken from the Tables. 

Moreover, ſince many Inequalities of the 


Moon depend upon the Aſpect of the Nodes of 


the Moon's Orbit with the Sun, and tho' there 
is Notice taken of them, in ſome Tables that 
have been hitherto conſtructed, yet this is not 
done with the greateſt Exactneſs: Therefore the 


Moon's Place will, even from theſe Tables, be 


had more accurately, when thoſe Inequalities 
ceaſe; but they ceaſe when the Nodes are in 


the Syzygies; for (by Prop. 14.) the Nodes are 


then at reſt, and the Inclination of the Limits 
is then the greateſt, by Prop. 15. Beſides, in 
the Eclipſes of the Luminaries, the Nodes are 
at a ſtand, in, or near the Syzygies ; hence the 
Reaſon is plain why in theſe,” the Moon's Place 
is more accurately found in the Tables: For the 
Errors of the Tables in the various Regreſs of 
the Nodes, and the various Inclination of the 
Lunar Orbit to the Magnus Orbis, according to 
the various Aſpect of the Nodes to the Sun, 
(Which are certainly ſo, in ſome Meaſure) have 
no Place in this Caſe. For at the Time of the 
Eclipſes, there is a Ceſſation of the Cauſes that 
pro- 
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produce thoſe Ipequalities which are not exactly 
ſet down in the Tables, and therefore the Ef- 


fects of the Errors of the Tables in the Moon's 


Place, for either Eclipſe (and for a whole Month 
before and after either Eclipſe) by being wron 


defin'd, alſo ceaſe. Therefore ſince in the E- 


clipſes of the Luminaries, both the foremention- 
ed Caſes obtain, namely, the Moon itſelf, and 


the Nodes of the Moon's Orbit alſo are in the 
Syzygies, the Moon's Place, at that Time, taken 


out of the Tables (as wanting fewer Æquations, 
becauſe it is liable but to few Inequalities) will 
be more accurate and exact, than in any other 
Situation or Aſpect of the Moon, or its Nodes, 
to the Sun, where there are Inequalities, of 


which there is no Account, or at leaſt exact one 


E 


in the Tables. 


5 
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SECTION IX. 
Of the Motions of the Satellites revolving 
about other Primary Planets, beſides the 
Earth. 
PxoPosI TION LI. 

HE Diſtance of a Primary Planet from the 

© Sun remaining the ſame, if feveral Secondary 
Planets revolve about à Primary one in ſimi lar 
excentric Orbits, and ſimilarly inclin'd to the 
Plane, in whith the Primary one revolves about 
the Sun, all the Angular Errors in the Motion of 
the Satellites, ſeen from the Center of the Primaty 
Planet, and generated in any Revolution of the 
Satellites, are directly as the Squares of the Peri- 

odical Times reſpettively. | 
. - Becauſe all Bodies have the ſame accelerating 
Force towards the Center of the Sun, or of 2 
Primary Planet, at the ſame Diſtance from it, 
it is plain that ſeveral Secondary Planets, revol- 
ving about a Primary one, are affected the ſame 
Way, as one Secondary Planet, whoſe Orbit is 
dilated and contracted, as much as the Orbit of 
thoſe different Secondary Planets are diſtant from 
each other. But in this Caſe it is plain (from 
Prop. 18.) that the ſaid Angular Errors ſeen from 
the Center of the Primary Planet, and generated 


in every Revolution, are directly as the Squares 
of the Periodical Times. Whence the 'Truth of 


the Propoſition is evident, &, E. D. 


COROLLART. 


Since all the Errors abovemention'd, genera- 
ted in the different Times of the different Re- 
6 volutions, 
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volutions, are as the Squares of the ſaid Times; 


; 4 * * 


thoſe that are generated in the ſame and a deter- 
minate Time, will be as the Times of the Re- 
volutions themſelves, that is, as the Periodical 
Times; viz. taking away on either Side one of 
the compounding Ratio's, the ſimple Ratio of 
the Periodieal Limes. | 
But becauſe ſome of the afore aid Errors, viz. 
the Motion of the Apſes and Nodes, is ſome- 
times in antecedentia, ſometimes in conſequentia ; 
therefore their mean Motions, made in any re- 
markable Time, towards the ſame Parts, will, 
in the preſent Caſe, be as the Periodical Times 
of the Satellites. 7 


PRO POSITION LIL. 


17 two Primary Planets revolve about the Sun 
at different Diſtances, and one Secondary Pla- 
net revolves about each Primary one, and their 
Orbits be equal, ſimilar and ſimilarly inclined to 
the Orbits of their Primary Planets ; the Sun's 
Forces and their Effects, that diſturb the Motion 
of the Satellites, that is, all the angular Errors, 
reſpeftively ſeen from the Centers of their Primary 
Planets, are reciprocally in a Duplicate Ratio of 
the Periodical Times of the Primary Planets a- 
bout the Sun. By 
For, becauſe the accelerating Force of any Pri- 
mary Planets whatever abour the Sun, is the ſame, 
at the ſame Diſtance, it is plain that thoſe Secon- 
— Planets which revolve in equal Orbits, about 
different Primary Planets are affected the ſame Way 
as one Secondary Planet revolving about its Pri- 
mary one, which revolves about the Sun, in an Orb 
ſo excentric, that its Diſtances from the Sun, in 
divers Points of ſuch an Orbit, differ as much 
from one another, as the Diſtances of the two 
Mmm Pri- 
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Primary Planets in the preſent Caſe. But it is plain 


Bo 


1 (by Prop. 19.) that in ſuch a Caſe, the ſaid Errors, be 
3 both in Longitude and Latitude, ſeen from the the: 
15 Center of the Primary Planet, are inverſly as the Prin 

7 Cubes of the Diſtances of the Primary Planet from thoſ 

» the Sun. And therefore the ſaid angular Errors of the 

19 Secondary Planets, revolving in equal ſimilar and inen 

& ſimilarly inclin'd Orbits about two Frimary Pla- ad; 

p nets, mov'd about the Sun, at different Diſtances, 1 5 

1 ſeen from the Centers of the reſpective Primary 8 

* Planets are inverſly as the Cubes of the Diſtances Tine 
ba ofthe Primary ones from the Sun, But, by the 4oth Prim 

il and 42d Propoſitions, the Squares of the Periodical Ratic 
3 Times of the Primary Planets, about the Sun, are Plane 
Ws as the Cubes of the mean Diſtances of them from 

Fg the Sun: And therefore all the angular Errors of 
| the Secondary Planets reſpectively, ſeen from | 

- the Centers of their Primary ones, are inverſly Fre 
14 as the Squares of the Periodical Times of the Coro] 
a Primary Planets about the Sun. O, E. D. 5 25 
x ProPosITION LIII. direct 
i TH E angular Errors of the Satellites, generated tellites 
5 in every one Of their Revolutions about their and th 
1 reſpective Primary Planets, and ſeen from their * 
al Centers, are in a Ratio, compounded of the direti 225 


duplicate Ratio of the Periodical Times of the da- 
_ rellites, about their reſpective Primary Planets, 
and of the duplicate reciprocal Ratio of the Perio- 
dic] Times of the Primary Planets, about the Sun. Fron 
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i For, by Prop. 51. if the Diſtances of the Pri- ef the 
mary Planets from the Sun were equal, the fore- WF Earth, 
ſaid Errors wou'd be in a direct duplicate Ratio Bi may, by 
of the Periodical Times of the Satellites, about WF determi 

their Primary Planets reſpectively: And by Prop. Wt Satellite 
52. if the Diſtances of the Satellites, from their i Plane, 
Primary Planets were equal, the ſaid Errots Bi are carr 
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wou'd be in a reciprocal Duplicate Ratio of the 


Periodical Times of the Primary Planets about 


the Sun: And therefore, if neither the Orbits of the 
Primary Planets about the Sun are equal, nor 
thoſe of the Satellites about the Primary Planets; 
the Ratio of the foreſaid angular Errors, generated 
in every reſpective Revolution of the Satellites 

and ſeen from the Centers of their Primary Pla- 
nets, is compounded of the foreſaid Ratio's, vis. 
the direct Duplicate Ratio of the Periodical 
Times of the Satellites about their reſpective 
Primary Planets, and the Duplicate reciprocal 


Ratio of the Periodical 'Times of the Primary 


Planets about the Sun. &. E. D. 
SCHOLIU AI 


From the ſame Reaſoning (by Prop. 52. and the | 


Corollaries of Prop. 51.) you may gather, that 
the mean Motions of the peo ang. Nodes of 
Two Satellites, arein a Ratio compounded of the 


direct Ratio of the Periodical Times of the Sa- 


tellites about their reſpective Primary Planets, 
and the reciprocal Duplicate Ratio of the Perio- 
con Times of the Primary ones about the 
un. PT 
PxoposITION LIV. 
T* determine the unequal Motions of Satellites 
revolving about any other P{anets, 

From the before determin'd unequal Motions 
of the Moon, ſeen from the Center of the 
Earth, the analogous Motions of any Satellite 
may, by the Help of the premis'd 'Theorems, be 
determin'd, if the Form of the Orbits of the 
Satellites and the Inclination of the Orbits to the 
Plane, in which the reſpective Primary Planets 
are carried about the Sun, do not much differ 

Mmm 2 from 
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from the Form of the Lunar Orbit, and the In- 


clination of its Plane to the Plane of the Eclip- 
tic, as it happens in the Satellites of Jupiter 
and Saturn : For-their ſmall Difference does not 
ſenſibly change the Motions, as it has been taken 
notice of in the 11th and 14th Propoſitions. 

For Example, let the Motions of the outer- 
moſt of the Cireumjovial Planets be to be deter- 
min'd : It is plain, from the Scholium of the 
foregoing Propoſition, that the regreſſive mean 
Motion of the Nodes of the ſaid Satellite is to 
the mean Motion of the Moon's Nodes, in a 
Ratio.compounded of the Ratio of the Periodi- 
cal Time of the ſaid Satellite about Jupiter, to 


the Periodical Time of the Moon about the 


Earth, and in the Duplicate Ratio of the Perio- 
dical Time of the Earth about the Sun, to the 
Periodical 'Time of Jupiter about the Sun; and 
therefore it is given, ſince the ſaid Periodical 
Times are known by Obſervation. - | 
Likewiſe, from the mean progreſſive Motion 
of the Apſes of the Moon, may be found the 
mean progreſſive Motion of the Apſes of a Sa- 
tellite. RE 

After the ſame Manner, from the foregoing 
Propoſition, the Variation of the ſaid Satellite 
is to the Moon's Variation above found, in a Ra- 
tio compounded of the Duplicate Ratio of the 
Periodical Time of that Satellite about Jupiter, 
to the Periodical Time of the Moon about the 
Earth, and of the Duplicate Ratio of the Perio- 
dical Time of the Earth about the Sun, to the 
Periodical J ime of Jupiter about the Sun; that 
is, (by the ſaid foregoing Prop.) as the whole 
Motions of the Nodes in the Periodical Times of 
the Satellite and the Moon to one another. 
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And after the ſame Manner, the greateſt - 
quations of the Nodes and the Apfes of a Sa- 
tellite are to the greateſt Æquations of the 
Nodes and of the Apſes of the Moon reſpe- 
ctivehy, as the Motions of the Nodes and Apſes 
of a Satellite, during the Time of one Revolu- 


tion of the former Æquations, to the Motions of 


the Nodes and Apſes of the Moon, during the 
Time of one Reyolution of the latter qua- 
tions. 55 5 

All theſe Things likewife hold true of any 
other Satellite. But having once found the ſaid 
Inequalities in one of the Satellites, the analo- 
gous Inequalities in any other, revolving about 
the ſame Primary Planet, are more eaſily deter- 


| min'd, by Prop. 5 I. and its Corollaries ; for there 


will be no Need of making uſe of an inverſe 
Duplicate Ratio of the Periodical Time of the 
Primary Planet about the Sun, ſince the Prima- 
ry Planet remains the ſame. N 


PROPOSITION: LV. 
O correct the Motions of the Apſes of the Satel- 
lites of Fupiter and Saturn found by the fore- 
going Propoſition. 

Becauſe the Apſis of the Moon, in the Syzy- 
gies with the Sun, goes forward, and alſo the 
Apfis of a Satellite, by Prop. 11. but flower by 
reaſon of the ſhort Periodical 'Time of the Earth 
about the Sun, in compariſon of the Periodical 
Time of Saturn or Jupiter about it; it is plain 
that the Moon's Apſes ſtick longer in the Syzy- 
gy of the Sun and near it, than the Apſis of a 
Satellite, becauſe it does more cloſely follow the 
Sun, which is carried 772 con/equentia faſter than 
either Apſis. And on the other hand each Apſis 
of a Satellite goes back, when in the Sun's Qua- 

M mm 3 drature, 
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drature, but that of the Moon faſter; therefore 
it remains a ſhorter 'Time in the Sun's Quadra- 
ture, which it meets. And fince, for the firſt 
Cauſe, the Apſis of a Satellite goes forward a leſy 
Time than the Apſis of the Moon, and, by the 
ſecond Cauſe, it is longer a going back than the 
Apſis of the Moon, and the abſolute Progreſs 
of each ariſes from a greater Progreſs than Re- 
greſs ; it is plain that thoſe two Cauſes conſpi- 
ring diminiſh the progreſſive Motion of the Ap- 
ſes of a Satellite, more than in proportion to the 
other Cauſes. 'Therefore, upon this Foundation, 
we muſt build the Correct ion of the before found 
Motion of the Apſes, and diminiſh the ſaid Mo- 
tion according to the Permanency of this Cauſe 
and its Effects on each of the Satellites of Jupi- 
ter and Saturn. 1 


SCHOLIUM. 


Theſe Inequalities which affect the Motion of 

a Satellite revolving about any Primary Planet, 
being determin'd, it will be eaſy (according to the 
foregoing Methods about the Moon) to find, by 
Calculation, the Places of thoſe Satellites for a 
given Time, as alſo their Immerſions into the 
Shadow of their Primary Planet, their Emerſions 
out of it, the Journey of the Shadow of a Satel- 
lite over the Diſc of his Primary Planet, and o- 
ther things concerning their Motions, as they are 
ſeen from their proper Primary Planets. And the 
Form of the Tables for determining their Moti- 
ons, ſeen from thence, will be the hea as that of 
the Moon's 'Tables above deſcribed ; from which, 
together with the Tables of the Primary Pla- 
nets, (deſcrib'd in the foregoing Book) one 
may readily find the Phænomena of thoſe Sa- 
tellites. But becauſe the Eclipſes of the Satel- 
| | lites, 
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lites, as they run into the Shadow of their Pri- 
mary Planet, are very remarkable Phænomena 


to be obſerv'd by the Inhabitants of the Earth ; 


Aſtronomers have conſtructed Tables for the 
immediate Calculation of them, whoſe Founda- 
tion and Form appear eaſy and ſimple to any 
one that underſtands the foregoing Propoſitions ; 
and therefore we ſhall only give a few Exam- 
ples to illuſtrate them over and, above ; which 

et do not properly belong to theſe Elements, 
N they are only Phyſical and Geometrical, 
and not Arithmeticalu. 

But yet we ought to take notice, that Regard 
is to be had to the different Diſtance of the 
Earth (the Place of the Obſerver) from theſe 
Phænomena of the Immerſion and Emerſion 
of the Satellites of Saturn and Jupiter: For 
ſuch a Phænomenon is ſooner ſeen when the 


Earth is nearer to it, than when further from it. 


Let S [ Fig. LII.) repreſent the Sun; C DEF 
the Magnus Orbis, or the Way of the Earth; G 
H, the Way of Jupiter, 4 Jupiter caſting his 
Shadow u; BAK the Orbit of a Satellite of 
Jupiter. Let an Inhabitant of the Earth at C, 
ſee the Emerſion of the Satellite out of the Sha- 


dow of Jupiter at A; for if the Satellite be one 


of the neareſt to Jupiter, or the Earth be after 


the Oppoſition, or before the Conjunction of 


Jupiter with the Sun, then the Immerſion at B 
will not be ſeen by reaſon of the Interpoſition 
of Jupiter's Body : If the Spectator ſhould re- 
main in the ſame Place, after ſome Time the 
like Emerſion of the ſame Satellite wou'd again 
appear, and another ſuch Emerſion of it] after 
the ſame Space of Time, and ſo on. But as 
the Earth goes from C to D, it is plain that 
there is Need of a longer 'Time for the ſame 

LE | Ap- 
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Appearance to reach to it at D; namely, as 
much Time more as is needful for the Light 
(which, as it were, brings the Phznomenon) 
to go thro the Diſtance CD. For the ſame Rea- 
ſon, the Immerſion of the Satellite at B, ſeen 
by an Inhabitant of the Earth at E, will, after 
a determinate Time, be again ſeen, and fo on ; 
but the Earth, as it were, meeting the Phznome! 
non, as it goes from E to F, a SpeCtator 2 
ſooner fee the Phenomenon when he is at E. 
than when he was at E. And this proceeds 
from the different Diſtance of the Earth from 
the Bodies whoſe Phenomena are obfery'd, to 
which we ſaid that Regard | was to be had: For 
by reafon of this different Diſtance, they are 
ſeen ſooner or later, as alſo all the Inequalities 
which really happen in the Motion of the Bo- 
dies themſelves. And from comparing ſuch 
Fhznomena, ſeen ſooner or later with the Earth's 
annual Orbit, we, on the contrary, diſcover _ 
ſucceſſive Motion of Light, and, from it find out 
its Velocity by Obſervations. 
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Of the Motions of the Satellites about their 
own Centers reſpectively. 


PzoposITION LVI =» 


T® deſcribe the Motion of the Moon abont its 
own Center, as it is carried at the ſame Time 
round the Earth. 

For an Example of the Motion of the Satel- 
lites about their own Centers, we ſhall give an 
Inſtance in our Moon, to whoſe Motion *tis 
reaſonable to believe the Motions of the Satel- 
lites of other Planets to be analogous ; for we 
cannot make minute Obſervations of thoſe 
ſmall Bodies, which are at ſo immenſe a Diſtance. 
The Motion of the Moon is, in all things, like 
the Motion of the Earth about its own Cen- 
ter, whilſt it is carried round the Sun, ex- 
cepting the Inclination of its Axis and the Pe- 
riod of its Revolution. For as the Moon moves 
round the Earth, it moves alſo about its own 
Axis: This Axis is every where parallel to itſelf, 
therefore not perpendicular to the Plane of the 
Moon's Orbit, (for this Orbit is continually 
chang'd by reafon of the Action of the Sun 
which dilturbs it) but inclined to it, and al- 
moſt at right Angles with the fix d Plane of the 
Ecliptic. The Moon's Motion about this its 
own Axis (as alſo that of the Earth about its 
Axis, and of the other Primary Planets about 
their Axes, ſhewn in Prop. 30. B. 1.) is uniform 
and equable, always of the ſame Tenour; and 


its Period is the ſame with the Periodical _ 
di & 
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different from what happens in the Earth and the 
other Primary Planets carried about the Sun, 
every one of which performs ſeveral Revoluti- 
ons about its own Axis, whilſt it goes once thro 
its Orbit. 5 


PRO OSITITTON LVII. 


| TH F Plane of the ſame Lunar Meridian cor of 


2 Circle made by the Section of a Plane along 
the Axis of its Rotation) being produc'd, does al- 
ways nearly paſs thro* that Focus of the Elliptic 
Orbit (deſcrib'd about the Earth) in which the 
Earth is not, Fig. LIII. 

Let ABCD be the Ellipſe, whoſe Periphery 

is deſcrib'd by the Moon moving about the 
Earth : Let the Earth T be plac'd in one of its 
Foci, to which a Ray or Radius (which we 


have call'd a Vector) being drawn, deſcribes A 


reas proportionable to the Times in which they 
aredeſcrib'd. And by Prop. S. B. III. theRightLines 
AF, BF, being drawn from any two Points of 
an Ellipſis to one of its Foci , (namely, that 
in which the Earth is not) the Angle 4 F is to 
four Right ones nearly as the Time in which the 
Moon runs thro' the Arc A B, to the whole 
Time of the Moon's Period. If A M repreſents 
the Plane of the Lunar Meridian, which (the 
Moon's Center being any, where, as for Ex- 
ample, at 4) being produc'd goes thro' F; I ſay 
that the ſame Plane, being likewiſe produc'd, 
will go thro' F, in whatſoever Point of the E- 
cliptic Orbit the Moon is. For, becauſe the 
Rotation of the Moon is uniform about its own 
Axis, and it alſo has the ſame Period as the 
Moon has about the Earth; it is evident that 
the Plane of the Meridian which in the Moon's 
Situation A was 4M, when the Moon's Cen- 
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ter is got to any other Point (as BY will have ſuch 
a Situation B E, that the Line B m being taken 
parallel ro 4 M, the Angle m B E will be to four 
Right Angles as the Time in which the Moon 
is carried thro the Arc A B to the Moon's whole 
Periodical Time: Therefore (by Prop. 11. EI. 5.) 
m BE is to four Right Angles as AFB is to four 
Right Angles ; whence (by Prop. 9. El. 5.) the 
Angle m BE is equal to AFB. And ſince AF 
andB m are parallel, B E and B # will beon a Right 
Line ; that is, in a Situation of the Moon B ta- 
ken at Pleaſure, the Plane of the ſame Meridian, 
which, produc'd, did in the former Situation 4 
go thro F, produc'd in this does, alfo go thro F. 
Therefore in what Point ſoever of the Orbit the 
Moon's Center is found, the Plane of the ſame 
Meridian will go thro' F, the Focus in which the 
Earth is not. &: E D. | 


ProPosTTION LVIII. 
= deſcribe the Motions which appear in the 
Moon's Face, ſeen from the Earth, ariſing 
from the Moon's Motion about its own Center. 
Firſt, it is plain that nearly the ſame Face of 
the Moon is always turn'd towards the Earth, 
and that nearly the ſame Lunar Spots are ſeen 
by an Obſerver on the Earth. For ſince the 
produc'd Plane of the ſame Meridian goes thro' 
the empty Focus Fof the Lunar Orbit, and the 
Lunar Orbit is not very excentric, that is, F is 
not very far from T, or the Angle FB (when 
greateſt) is not very great, it is plain that nearly 
the ſame Face of the Moon is always turn'd to the 
Earth. 1 
But if that Face of the Moon which is turn- 
ed towards the Earth be nicely conſider'd, by 
looking at the Spots, ſo as to draw the * 


TheELEMENTS Book TV, 
of it by the Help of a Teleſcope, it will ap- 
pear that we don't preciſely ſee the ſame Face. 
And ſince the Flane 4 M of the ſame. Meridian 
is not directed to the Earth 7, but to the other 
Focus F, it is plain that the Hemiſphere of the 
Moon when it is at 4, ſeen from the Earth 7, is 
ſomething different from that which is ſeen 
from it when the Moon is come to B, fome Part 
of the Moon's Hemiſphere which is drawn to- 
wards D, and was hid from the Eye in T when 
the Moon was at A, being now diſcover'd, and 
Part of the Hemiſphere towards C, which was 
then ſeen, being now out of Sight. 
apparent Motion of the Moon from the Earth, 
by which fome of its Spots in the Hemiſphere 
turn'd from the Earth, come in Sight, and ſome 

of thoſe in the Hemiſphere towards the Earth 
get out of Sight, is properly enough call'd, the 
Libration of the Moon, and that which happens 
for the reaſon juſt given is call'd, the Libration 

in Longitude, ariſing from the Moon's Motion 
in Longitude, or along the Zodiac. 
bration is twice reſtor'd in every Periodical 

Month ; namely, when the Moon is in the Apo- 

gæum Cor Perigzum D: For in either Caſe, the 

Plane of the ſame Meridian, which being pro- 

duc d falls on Z falls alſo on T. And this Li- 

bration is affected by all the Inequalities of the 

Motion in Longitude, and, amongſt others, by 

that Inequality, by which the Moon, in Quadra- 

ture with the Sun, is remov'd further from the 

Earth, of which Mention has been made in the 

Corollary of Prop. 2. 
Moreover, becauſe the Axis of 

Rotation is not perpendicular to the Orbit which 

the Moon deſcribes about the Earth, but inclin- 

ed to it, it is plain that ſometimes one Pol 
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the Moon, ſometimes another, points towards the. 
Earth, (for the ſame Reaſon that ſometimes one 
Pole of the Earth, and ſometimes another is 
rurn'd towards the Sun) and therefore ſome- 
times we ſee from the Earth the Lunar Spots 
which are near one Pole, and fometimes thoſe 
which are near the other, and conſequently we 
ſee another Libration of the Moon from the 
Earth; which, as it depends upon the Situa- 
tion of the Moon, in reſpect of the Nodes of 
irs Orbit with the Ecliptic, (for its Axis, as 
has been obſerv'd, is nearly perpendicular to the 
Plane of the Ecliptic) is rightly call'd, the Li- 
bration in Latitude. This is perform'd in the 
Space of a Periodical Month, or rather as the 
Moon returns to the ſame Situation in reſpect of 
the Nodes. 7; 

Again, there isa third Kind of Libration' of 
the Moon, by which, tho* no other Part of it 
be. turn'd to the Earth than what is occaſion'd: 
by the two foregoing Cauſes (namely, the Li- 
bration in Longitude, and the Libration in La- 
titude) yet another Part is enlighten'd by the 
Sun. For fince the Axis of the Motion is near- 
ly perpendicular to the Plane of the Ecliptic, 
when the Moon goes fartheſt from the Ecliptic 
towards the South (or is in the Southern Limit) 
the Moon's North Pole, and alſo ſome Part of 
the Lunar Globe beyond that Pole, are enligh- 
ten'd by the Sun, when at the ſame time the 
South Pole of it, and ſome Parts on this Side of 
it (that is, on the Side towards the Sun) are in 
Darkneſs; if therefore in this Caſe it happens 
that the Sun is on the ſame Side as the Moon's 


Southern Limit, the Moon, going from the 


Conjunction with the Sun to the aſcending Node, 


will appear by little and little to draw away its ; 


F---; | Nor- 
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Northern Parts and the Spots near the ä 
Pole, into the darkenꝰ d Tlemiſphere, 3 
the ſame time, on the oppoſite Side, other Spots 
about the South Pole emerge out of Darkneſs in- 
to Light: And the contrary will happen half a 
Month after, when the New Moon deſcends 
from the Northern Limit; that is, the more 
Northern Parts of the Moon will by little and 
little break out into Light, at the ſame time 
that the moſt Southern Parts hide themſelves in 
Darkneſs. It is plain that this Libration, or ra- 
| _ m_ pes 8 the Libration in Latitude, 
pend upon the Sun's Light, an fore 
the Synodical Month. 1 ads 


SCHO LIVA. 

From this Propoſition it appears how ni- 
fold this Libration of the e Globe, ſeen 
from the Earth, is; which is produc'd by its 
moſt ſimple Motion about its own Axis, de- 
ſcrib d in Prop. 56. for the foregoing Kinds of 

_ Librations, according to the various Situation 
of the Lunar Apſes, of the Nodes and of the 
Sun (upon all which they depend) are variouſly 
mix'd and combin'd, and make that moſt intri- 
cate Libration of the Moon obſerv'd by Aſtro- 
nomers. - | 

And that all theſe things obtain likewiſe in 
the Satellites of Jupiter and Saturn is very pro- 

bable, becauſe they go round thoſe Primary 


— 


Planets, and together with them, are carried 


about the Sun, juſt as the Moon and Earth; and 
alſo that Jupiter's and Saturn's Satellites have 
that very remarkable Phznomenon, in reſpect of 
their Primary ones, which has ever been obſer- 
ved of the Moon, namely, that it always turns 
the ſame Face to the Earth, as was ſaid at the 
Be- 
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Beginning of the laſt Prop. For it is obſery'd of 
the outward Satellite of Saturn, that it can only 
be ſeen, when it is on the Weſt Side of this Planet; 
and it is always hid, when on the Eaſt: It is 


likely that it happens for this Reaſon, that the 


greateſt Part of its Surface is darker (that is, 


does not copiouſly enough reflect the Rays of 


Light every way) than the other. Becauſe this 
Satellite, like our Moon, may have very ample 
Plains or Vallies, which being the darkeſt Part, 
when turn'd towards us, can't be ſeen upon ac- 
count of the ſmall Quantity of the Light re- 
flected. And as this Saturnian Moon is found 
to be darken'd, when it is in the Eaſtern Part of 
its Orbit, and never in the other ; it is a plain 
Sign that the ſame Face of the Moon always 
looks. towards Saturn, that Phenomenon being 
a Conſequence of this Phenomenon, as is evi- 
dent. And now ſince this ſame thing is true 
both of that very Moon, and of our Moon, viz. 
that the ſame Face is always turn'd to the Pri- 
mary Planet, who can doubt of its obtaining in 
the other Moons about Jupiter and Saturn, tho* 
we have not Obſervations to evince the 'Truth of 
it? | 
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S TC TMMW ON XI. 


Of the Magnitude and Denſity of the Sa. 
5 tellites. 


P. endeavouring to find out the Magnitude of 
the Satellites, we ſhall alſo ſuppoſe that they, 
like the Primary Planets (about which the) 
revolve) and all other great Bodies in the 
World, at firſt (by IF of the Gravita- 
tion of the Parts towards the Whole, and 
the Center of the Whole) when their Matter 
was fluid, were of a Spherical Figure. This a. 
bundantly appears to be true in the Moon's Sa- 
tellite of our Earth, from its Monthly Phaſes, 
Eclipſes, and all the other Arguments which 
can be devis'd, as may be ſeen in all Writers of 
Natural Philoſophy and Aſtronomy : This al. 
fo' appears in the Satellites of Jupiter and Sa- 


turn; for whatever Face they turn to a Tei- 


reſtrial Obſerver (for they turn all their Faces 
ſucceſſively to the Earth) they appear to have 
a circular Diſc, which only happens in Spherical 
Figures. | 
Tho' the Figure of the Planets be Spherical, 
conſidering any whole Planet, yet ſome 10 
lities (and great ones if compar'd with thoſe on 
our Earth) are found on their Surfaces, ariſing 
from particular Cauſes near their Surfaces, ex- 
erting their Forces on fuch Parts as are already 
hard and ſolid; ſuch as are found in our Earth and 
in the Moon, but are not look'd upon as conſide- 
rable, in reſpect of their Globes, and therefore 


do not take off any thing from their Roundneſs. 
9 In 
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In inveſtigating the Magnitude and Denſity 


of the Satellites, we ſhall rake our Moon for an 
Example, and compare them with it. 


IV. 


PRO POSITION LIX. 


"A Tx define the Moon's Magnitude, | F is. LIV.] 


3 Becauſe from the foregoing Propoſitions we 
ude of 


know both the Moon's Diſtance, and the Angle 
t they, under which it appears, that is, (A BC repre- 
. they ſenting the Moon, L its Center, and O the Eye) 
In the the Right Line O L and the Angle AO B, and 
ravita- 


therefore the Half of it AO L; in the rectangu- 
lar Triangle L AO, whoſe Right Angle is 4, 
Matter LA the Moon's Semidiameter will be found: Or 
This a more readily thus: The Diameter of the Moon 
n s Sa- is to the Diameter of the Earth, as the known 
Phaſes, apparent Semidiameter of the Moon, to the 
Which Moon's known Horizontal Parallax, as it is plain. 
ters of Now the Moon is to the Earth (by Prep. 18. 
his al. El. 12.) in a Triplicate Ratio of its Diameter, 
nd Sa- to the Diameter of the Earth, and therefore it is 
a Tel. Wl defind. 2, E. F. 

Faces The Magnitude of the Satellites of Jupiter 
o hare and Saturn will be likewiſe defin'd, from know- 


herical Hing their Diſtance, and the Angle which each of 
them ſubtends. 


9 and 


herical, | 

555 PROPYOSITION LX. 

oſe of 70 define the Quantity of Matter in the Moon, 
ariſing in reſpect of the Quantity of Matter in the 
es, e“ artb. Fig. LV.) | 

already 


Let & denote the Sun; A BC the Magnus Or- 


rthand is, in whoſe Circumference the common Cen- 


:onlide- iter of Gravity of the Earth 2, and of the Moon 
eber, L is carried, as has been explained in Book I. 
indneſs. 


et A repreſent that Center at the known Time 


In of 
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of ſome New-Moon; and B the ſame Center 
near the known Time of a Quadrature (the next, 
for Example.) And from theſe two Times given, 
you will (by Prop. 18. B. III.) have the appa- 
rent Places of the Sun, ſeen from the Points 4 
and B: For (by Prop. 63. B. I.) the common 
Center of Gravity of the Earth and Moon, goes 
thro' the Magnus Orbis in ſuch Manner, that the 
Areas, cut off by Radii drawn to the Sun, are 
proportionable to the Times. Obſerve the Places 
of the Sun and Moon from the Earth at 7, and 
then you will know the Angles B?, AS7; but 
AS ͤ was known before, therefore Bt will be 
known. Whencein the Triangle B $7, the An. 
gles BTS, Bt, being given, and the Side . 
(which is a Line of the Magnus Orbis, drawn 


from the Sun, and given in Poſition, whoſe 


Quantity is known from the Sun's Theory and 
Parallax in Diameters of the Earth) the Side 
7B will alſo be had in ſuch known Meaſures; 
but 77, the Diſtance of the Moon from the Earth, 


is known from the Theory of the Moon; there-ſþ 
fore (by Dat. 1.) the Ratio between 7 / and T 
is known, and therefore that between r and 


BI. Moreover, it is well known from A. 
chanics, that there is the ſame Ratio of the Gra 
vity of the Moon towards the Sun, at a vaſt Di. 
ſtance, to the Gravity of the Earth towards it; 
that is, (by Corol. Prop 47. B. I.) of the Quan. 
tity of Matter in the Moon, to the Q 
Matter in the Earth, as of the Right Line BY, 
to the Right Line BI; therefore the Ratio o 

the Quantity of Matter in the Moon, to tht 

Quantity of Matter in the Earth, is defin d 

9 WP a 4 
& To make this Obſervation, we take one d 
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Zen 4 
d. and the other near the Quadrature, that the 
given, Angle Br may be the greater. 
IEG The ſame Thing may alſo, according to the 
TRL ſame Principles, be gather'd from the different 
as apparent Diameter. of the Sun, in 'the New- 
„ goes Moon and the Full- Moon ; for it is (cæteris pa- 
8 ribus) leſs at the Time of the New-Moon, and 
3 greater at Full-Moon. 4 - | 
* | SCHOLIUM. 
; * The foreſaid Inequalities in the Motion of the 
will be Earth, ariſing from hence, that not the Earth it 
the An. [elt, but the common Center of Gravity of the 
zide SB Earth and Moon, is carried in the Ma nus Orbis 
| drawn and deſcribes Areas (by Rays drawn to the Sun) 
whoſe proportionable to the Times, is alſo to be ob- 
Rs ſerv'd in the other Planets. For this Monthly 
he Side Parallax of Mars, when Achrouical, is twice, 
as and that of Venus, in Conjunction with the Sun, 
e Earth, _ ade, three times greater than the 
there - „ (becauſe in ſuch a Cafe, Mars is twice, 
and tif Vents there times nearer the Earth than the 
Bt m 8 ) but in the other Planets it is almoſt in- 
Dh” enſible. iT, here will likewiſe be the ſame Ine- 
3 qualities in the Motions of Fupiter and Saturn 
aft D. (which have Satellites) eſpecially when all, "he 
wards it; _ of the Satellites, are on one Side of the 
je Quan "Ay Planet: Bur theſe Primary Planets are 
antity off wo 12 great, in reſpect of their Satellites, that 
Line Bt, $ I equality becomes leſs ſenſible. | 
TY T 0 def | 3 js osITION LXI. 
5 ne the Ratio : 
) defin d : 2 Denſity. pf the Moon S Denſity 70 the 
| t has been univerſally d ſt : 
e one d | ally demonſtrated in the 
4 Moo 14nd B. III. that the Ratio of the Denſity 
*. two Bodies is compounded of the dizect Ratio 
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of the Quantity of Matter in them and the in- 
verſe Ratio of their Magnitudes ; that is (in the 


preſent Caſe) the Denſity of the Moon is to the 


Denſity of the Earth, in a Ratio compounded of 
the Ratio of the Quantity af Matter in the 
Moon, to the Quantity of Matter in the Earth, 
and the Ratio of the Magnitude of the Earth, to 
the Magnitude of the Moon : But the twojcom- 
pounding Ratio's are given, by the Soth and 
60th Propoſitions ; therefore the Ratio com- 
pounded of them is given, namely, the Den- 
ſity of the Moon, to the Denſity of the Earth. 


PROPOSITION LXII. 


T” O define the Ratio of the accelerating Gravity 
towards the Moon at its Surface, to the acce- 
lerating Gravity towards the Earth at its Surface. 

It is plain from what has been before ſhewn, 
that at like Diſtances from the Centers, if they 
be taken without them, the accelerating Gravities 
of any Bodies, howſoever unequal, are as the 
Quantities of Matter in the ſaid Bodies ; and at 
unequal Diſtances from the Centers, the accele- 
rating Gravities of _ Bodies are inverſly, as 
the Squares of the ſaid Diſtances ; and there- 
fore, if neither the Diſtances nor Bodies are e- 
al, the Ratio's of the accelerating Gravities to- 


Bodies themſelves, towards which the 
heavy Bodies tend, and the inverſe Ratio of the 
Squares of the Diſtances from their Centers; 
that is, (in the prefent Caſe) the accelerating 
Gravity towards the Moon at its Surface, is to 
the accelerating Gravity at the Earth's Surface, 
in a Ratio compounded of the Ratio of the Mais 
(or Quantity of Matter) of the Moon to the 

” Mals 


s them, is compounded of the direct Ratio's 
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Maſs of the Earth, and the Duplicate Ratio of 
the Semidiameter of the Earth, to the Semidia- 
meter of the Moon, (for the Diſtances of the 
Surfaces from their Centers, are the Semidiame- 
ters of the Spheres) now the former of the com- 
pounding Ratios is given, by Prop. 60. and the 


latter of them, by Prop. 69. and therefore the 


compounded Ratio will be known, namely, the 
Ratio of the accelerating Gravity at the Surface 
of the Moon, to the accelerating Gravity at the 
Surface of the Earth. neg 

By the ſame Obſervations and Reaſoning may 
be defin'd the Maſſes and Denſities of the Satel- 


lites of Fupiter and Saturn, in reſpect of their 


Primary Planets: And fince their Maſſes and 
Denſities, in proportion to thoſe Qualities in 
the Earth, are defin'd, in the 48th and 49th 
Propoſitions of B. III. we have defin'd the Maſs, 


Denſity and accelerating ET near the Sur- 
face of the Planets contain'd in the Solar Syſtem. 
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SECTION XIL 


Of the Figure of the Satellites, and the 
Primary Planets, ariſing from their mutu- 
al Gravity. | 
\ Ltho' the Mountains and Vallies upon the 
A Earth, and the Eminences and Cavities 
of the Moon (which appear to be ſuch, from 


their Shadows projected, according to the dif- 


ferent Situation of the Sun) do not hinder thoſe 
Bodies from being round, as has been ſaid be- 
fore; yet there are ſome univerſal Deviations or 
Differences from a Spherical Figure, which are 
not to be omitted; as for Example, the prolate 
Spheroidical Figure, which has, in Prop. 3 1. B. I. 
been ſhewn to belong to all fluid Bodies turning 
round their own Axes. But by reaſon of the 
Slowneſs of the Rotation in the Lunar Globe, 
which is not perform'd in leſs than a periodical 
Month, the Deviation from a Spherical Figure, 
ariſing from it, will be almoſt inſenſible, if it be 


compar'd with the like Deviation in the Earth, 


as will be ſhewn in the following Propoſition. 

For another Reaſon the Moon is of an oblong 
Spheriodical Figure, whoſe Axis, produc'd, goes 
thro' the Center of the Earth. For ſince the 
Cauſes of this Figure of it are remarkable, and 
its Effects no leſs ſo, it is fit for us to conſider 
the Matter further, eſpecially ſince it will be a 
Means to explain the Phænomenon of the Tide, 
which is the} moſt remarkable Thing of thoſe, 


which, happening on the Earth, are produc'd by 


Celeſtial Bodies, as we ſhall ſhew it to be. 
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PxOPOSITION LXIII. 
7 define the Moon's prolate daveroidioal A* 
gur. 

This problem may be ſolv'd after the ſame 
Manner, as in Prop. 53. B. III. where the Figure 
of the other Planets is determined: For we have 
the Ratio between, the Diameters of the Earth 
and Moon, about their own Axes, by Prop. 56. 
therefore we have (by Prop. 26. B. I.) the Ratio 
of the Centrifugal Force at the Æquator of the 
Moon, to the like Force in the Æquator of the 


Earth: But the Ratio between the Centrifugal 


Force at the Æquator of the Earth, and the Gra- 
vity at the Earth's Surface, is given, (by Prop. 
52. B. III.) and (by Prop. 42.) you have the 
Ratio of the Gravity at the Surface of the Earth, 
to the Gravity at the Surface of the Moon; 
therefore the Ratio compounded of thoſe Three 


| will be given; namely, the Ratio of the Centri- 


fugal Force in the Moon's Æquator, to the Gra- 
vity towards the Center of the Moon, which ob- 
tains on its Surface, which (in the ſaid Prop. 52. 

B. III.) has been ſhewn to be the fame as the 
Ratio of the Exceſs of the -Moon's Æquatorial 
Diameter above its Axis. 'Therefore (bv Daz. 6.) 
we ſhall have the Ratio between the Moon's Axis 
and any Diameter of it, which 1s perpendicular 
to the Axis; that is, between the Axis of an El- 
lipſe, by whoſe Rotation about the ſhorter Axis, 


a prolate Spheroid like the Moon is generated. 


The aforeſaid Ratio comes fo near the Ratio 
of Equality, that the prolate Spheroidical Fi- 
gure of the Moon, ariſing from it, differs very 
little from a Spherical one. 
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PRO POSITION LXIV. 


F the Globe of the Earth was every where cover- 
1 ed with a deep Sea, it would nearly put on an 
oblong Spheroidical Figure, whoſe Axis produc'd 
ond paſs thro* the Moon. | Fig. LVI. 

Let a Circle, whoſe Center is 2, repreſent 
the Earth, and a Circle, whoſe Center is L, the 
Moon: It is plain, that if neither the Moon nor 
any other Body acted on the Earth, if the Earth 
was every where cover'd with a Fluid, it wou'd 
be ſpherical, except ſo much as its Figure wou'd 
differ from a Sphere, upon account of the Rea- 
ſons ſhewn in Prop. 31. B. I. which Deviati- 
on is not to be taken Notice of here. But be- 
cauſe all the Parts of the Earth gravitate towards 
the Moon, and the Gravity towards the Moon 
(as well as towards any other Body) is recipro- 
cally as the Square of the Diſtance from its Cen- 
ter; if (as it has been explain'd at large in the 
6oth Prop. of B. I. and in Prop. 1. B. IV.) the 
Right Line LT is put for the accelerating Gra- 
vity of a Body plac'd in the Earth's Center to- 
wards the Moon, and E (in the firſt Fig. LVI.) 
be any Particle of the marine Fluid, or of the 
Sea, and if in the Right Line LE (or LE pro- 
duced) L be taken equal to LT, and LF be 
taken ſuch as to be to L XK in a duplicate Ratio 
of LKto LE; LF will expreſs the Gravity of 


a Body placed at E towards L, which (as is com- 


monly known) is divided into Forces, which 
are as FG, and & L, in the Directions of thoſe 
Lines: But if from that Force, by which the 
Body, poſited at E, is urg'd, you take away a 
Force which is as TL, by which the Center of 
the Earth, together with the whole Earth, is 
urg'd towards the Moon; there will be left 
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Forces as FG and CT, in the Directions FE 
and & Z, by which a Body at E is urg'd, beſides 
the Force of the proper Gravity, by which E 
tends towards the Center of the Earth. In the 
ſecond Fig. LVI. things remaining as before, let 
C be a Point of the Earth, to which the Moon 
is in the Zenith, and A one, to which the Moon 
is in the Nadir, and B and D the Points round 
about (or rather a Circle) to which the Moon 
is in the Horizon. It is plain that the Point & 
is very much diſtant from 7, when the Point E 
is either in Cor in A: In the firſt Caſe, G will 
become M, and in the latter Caſe, N But when 
the Point E is found in the Circle BD, the Point 
G nearly coincides with T, and in the Parts of 
the Fluid in the ſaid Circle BD, there is no 
Force left beſides that of their own Gravity, and 
the Force FG in the Direction FG; but Fd in 
this Caſe becomes BT or DT, the Point F fall- 
ing in with KX. Since therefore the Particles of 
the Fluid at C and 4, beſides their own Gravity 
towards the Center Z, are urg'd by Forces, as 
MT and NT, that is, thoſe at C, with the Force 
MT in a Direction from M towards T, that is, 
from C towards L; and thoſe at 4, with the 
Force NT in a Direction from N towards 7, 
that is, from A towards A; they will not gra- 
vitate ſo much towards the Center T, as if the 
Force, ariſing from the Moon, was away : But 
the Particles at C are more attracted towards the 
Moon, than the whole Earth, which is look'd 
upon as plac'd in the Center 7; and the Parti- 
cles at A are leſs drawn towards the Moon, than 
the whole Earth at 7, and therefore being as it 
were left behind after the Earth, are affected af- 
ter the ſame Manner, as if they were drawn to 
contrary Parts towards M.: But the Particles 

; in 


in the Circle BD, ' whoſe. Inhabitants have the 
Moon in the Horizon, have more Gravity to- 
wards T; for beſides their proper Gravity, ano- 
ther, as BT or DT, ariſing from the Force of 
the Moon, is ſuperadded in the_Direction from 
B or D towards 2. But in the intermediate 
Places between A or C, and B or D, the Parti- 
cles partake of both theſe Conditions, of which 
the firſt or the laſt prevails, as they are nearer to 
the firſt, or to the laſt Places; namely, by how 
much nearer the Parts of the Terreſtrial Fluid 
are to the Points C and 4, by ſo much leſs hea- 
vy are they, becauſe the Action of the Moon 
(that is, a Force at & ) diminiſhes the Force of 
their own Gravity towards T, and by how much 
nearer they are to the Points B and D, by fo 
much heavier are they, the ſame Action of the 
Moon encreaſing their proper Gravity in that 
Caſe by a Force, as FG. But as the Globe ABCD 
is ſuppos'd every where cover'd with a pretty 
deep Fluid, that is, ſuch a one whoſe Particles 
eaſily yield to each other, and whoſe proper Mo- 
tion is very free; it is plain that thoſe Parts of 
the Fluid, which are at 4 and C, will be thruſt 
out by the Parts which are at Band D, namely, 

the Lighter by the Heavier, according to the 

Laws of Hydroſtatics. Therefore the Fluid at 

A and C, and near thoſe Points, will ſtand up or 

be rais'd, but in the Circle BD, and near it, it 

will ſubſide, till the greater Quantity and Height 
of the one is compenſated by the greater Gravi- 
ty of the other; ſo that the Earth, if every 

where cover d with a deep Fluid, will form itſelf. 
as it were into an oblong Spheroid, whoſe Axis 

is 40 a Right Line, which, produc'd, will paſs 

thro' the Moon. &, E. D. 
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SCHOLIUM. .._ 
For the ſame Reaſon the Terreſtial Fluid will 


be nearly of an oblong Spheroidical Figure, 
whoſe Axis, produc d, goes thro the Sun: For if, 


in the foregoing Reaſoning, the Body L does 
not ſignify the Moon, but the Sun, the Propo- 
ſition is plain. But the Axis of this Spheroid 


does not ſo much exceed the Diameters which 


are perpendicular to it, as it does in the Spheroid 
that the Moon produces. For, becauſe the E- 
levation of the Fluid at C, under the Moon L, 
ariſes from hence, that it gravitates more towards 
the Moon than the Earth itſelf (which is to be 
look'd upon as plac'd at T,) becauſe it is nearer 
to it; but its Elevaticn at the Point A ariſes. 
from this, that the Earth at T gravitates more 
towards the Moon than the Fluid at A as being 
nearer to it; the Fluid at C drawn by the Moon 
(to uſe Kepler's Expreſſion) leaves the Earth be- 
hind it, but the Fluid at A is, as it were, left by 
the Earth: If this is occaſion'd by the Sun's A- 
tion, the Effects won't be ſo ſenſible, becauſe 
the Semidiameter TC or TA of the Earth almoſt 
vaniſhes, in reſpe& of the immenſe Diſtance 
between the Earth and the Sun, which, in re- 
ſpect of the Diſtance between the Earth and the 
Moon (which ſcarce exceeds thirty Diameters 
of the Earth) is ſenſible enough; and therefore 
the Gravity of the Fluid at C is but inſenſibly 


greater towards the Sun, than at 7, and the 


Gravity of that Part of the Fluid which is at A, 
inſenſibly leſs than the Gravity of the Part of 
it which is at T; whence. the Spheroid, thus pro- 
duc'd by the Sun, will be but little rais'd above a 
Sphere at its Vertices C and 4, and a little de- 
preſs'd below the Surface of a Sphere in the Goh 
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cle BD. Yet this Elevation of the Terreſtrial 
Fluid in Cand A, and the Depreſſion of it in the 
Circle BD, will be ſomething ſenſible, upon ac- 


count of the immenſe Forces of the immenſe 
Body of the Sun, tho? at a vaſt Diſtance, 


PxoPoOSITION L XV. 


* E Flowing and Ebbing of the Sea are owing 
to the oblong Spheroidical Figures of the Fluid 
that covers the Globe of the Earth, whoſe Axes, 
 produc'd, go thro* the Sun and Moon. | 

Kepler was the firſt (that I know of) who 
diſcover'd the true Cauſe of the 'Tide, and he 
explains it largely in his Introduction to the Phy- 
fics' of the Heavens, given in his Commentaries 
on the Motion of the Planet Mars, where after he 
has ſhewn the Gravity or Gravitation of all Bo- 
dies towards one another, he thus writes : The 
Orb of the attracting Power, which is in the 
Moon, is extended as far as the Earth, and draws 
the Waters under the Torrid Zone, atting upon 
Places where it is vertical, iuſenſibly on included 


Seas, or Bays, but ſenſibly on the Ocean, whoſe 


Beds are large, and the Waters bave the Liberty 
of Reciprocation, that is, of Riſing and Falling ; 
and in the yoth Page of his Lunar Aſtronomy, — 
But the Cauſe of the Tides of the Sea appear.to be 
the Bodies of the Sun and Moon drawing the Wa- 


ters of the Sea. Afterwards that incomparable 


Philoſopher, Sir 1/aac Newton, improv'd the Hint, 
and wrote ſo amply upon this Subject, as to 
make the Theory of the Tides his own, by ſhew- 


ing that the Waters of the Sea rife under the 


Moon, and the Place oppoſite to it: For Kefyer 
believ'd that the Impetus, occaſion d by the Pre- 
ſence of the Moon, does by the Abſence of the 
Moon occaſion another Impetus; till the Moon, 
returning 
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returning, ſtops, and moderates the Force of that 
Impetus, and carries it round with its Motion. 
Therefore this Spheroidical Figure, which ſtands 
out above the Sphere (like two Mountains, the 
one under the Moon, and the other in the Place 
oppoſite to it) together with the Moon (which 
it follows) being carried round by the Diurnal 
Motion, (or rather, according to the Truth of 
the Matter, as the Earth turns towards the Eaſt, 
it leaves thoſe Eminences of Water, which be- 
ing carried by their own Motion, ſlowly towards 
the Eaſt, are, as it were, at reſt) inits Journey 
makes the Water ſwell twice, and ſink twice, in 
the Space of 25 Hours, in which Time the Moon, 
being gone from the Meridian of any Place, re- 
turns to it again. But becauſe (by the Schol. of 
the foregoing Prop.) the Terreſtrial Fluid riſes 
alſo in the Places where the Sun is in the Zenith 
or Nadir, tho' leſs than when the Moon is in 


| thoſe Places; in the Conjunction and Oppoſition 


of the Luminaries, the ſaid Eminences of Water 
will alſo be join'd, and the greateſt Elevation 
will happen, when both the Luminaries are (at 
the Conjunction) in or near the Zenith, or (at 
the Oppoſition) the one in the Zenith, and the 
other in the Nadir ; alſo the greateſt Depreſſion 
will happen when the Luminaries are both in the 
Horizon, becauſe the Water is then raiſed by 
both the Forces, and now depreſſed by them. 
In the Quadratures of the Luminaries the Sun 


| raiſes the Water where the Moon depreſſes it; 


and from the Differences of the Forces ariſes the 
leaſt Elevation of the Water, and alſo the leaſt 
Depreſſion. Between the Syzygies and Quadra- 
tures of the Luminaries, the Effects appear to be 
intermediate, as the Cauſes requrie they ſhould. 


If 
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If the Moon be in the Æquinoctial Circle, the 
two oppoſite Eminences of Water will be in the 
Terreſtrial Æquator, and each of them, deſcrib- 
ing with its Motion that Circle of the Earth, will 
be more agitated, and therefore will be rais'd 
up higher againſt the Shore, when it reaches it; 


| beſides, that ſince the Earth's Diameter is greater 


than any other Right Line, drawn thro' the Cen- 
ter of the Earth, and terminated on either Side 
by 'its Surface, the Water will, by the Forces of 
the Luminaries, be raiſed (ceteris paribus) to a 
greater Height in that Circle, than any where elſe. 
And therefore, when the two Luminaries are in 
Conjunction or Oppoſition in the Æquator, they 
join their Forces to raiſe the Water in the Ter- 
reſtrial Equator, which happens in the Syzygies 
near the Æquinox; that is, ſuch as happen on 
the Months of March and September; the Tides, 
then produced, will be the greateſt and the moſt 
agitated, and the Tides, which in the ſaid 
Months happen in the Quadratures, will be the 
leaſt of all, and the leaſt agitated, as being the 
Effects of the Difference of the Forces of the 
Moon, in its greateſt Declination from the - 
quator; (namely, when the Moon is in Quadra- 
ture to the Sun in the Æquator, and therefore 
in the Solſtitial Points of the Zodiac) and there- 
fore produces the leaſt and leaſt agitated Tide, 


and fo, being the Occaſion that the Sun, which 


has no Declination, produces its greateſt . and 
moſt agitated 'Tides; the Contrary of which 
happens about the Solſtices, when the leaſt Tides 
happen whilſt the Luminaries are in the Syzy- 
gies, (I mean the leaſt of thoſe that do happen 
in the Syzygies) and the greateſt (taken in the 
ſame Senſe) in the Quadratures. 


Again, 
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Again, the Tides (cæteris paribus) are greateſt 
when the Luminaries are in their Perigzum, 
and leaſt when in their Apogzum ; and as that 
happens to the Moon at the Time of every Lu- 
nation, but to the Sun only in Winter; this, 
join'd with the former Cauſes, occaſions the 
greateſt Tides to happen in the Syzygies, and 


the leaſt in the next Quadratures before the Ver- 


nal, and after the Aurumnal Æquinox. 

We have hitherto conſider d the Properties of 
the Tides, as they affect the whole Globe of the 
Earth: Now we muſt conſider them 3 
as they happen in Habitations, or Places of dif- 


ferent Latitudes. In order to which, let BEXAQH 


[ Fig. LVI.] repreſent the Earth, whoſe Center 
is T, the Poles A and B, the one the North 


Pole, and the other the South Pole, E & the - 


quator, and the Circles CD, F, two Parallels 
to it, the laſt being on the North Side, and the 
firſt on the South Side of it. Let the Fluid, cir- 


cumfus'd about the Earth, form it ſelf into an 


oblong Spheroid pointing to the Moon, whoſe 
Axis K H, being produc'd beyond H, will go 
thro' the Moon, and has been ſhewn in the fore- 
going Prop. the Right Line T H, or T K, vill be 
the greateſt Height of the Water (reckoning from 
the Center) and TM or TN the leaſt, namely, 
the Height of the Water that is found in any 
Point of the Circle VM; as for Example, & or 
7 where it meets with the Parallels CD and FG. 


The Right Lines TC, T, TD and T, will 


ſhew the Height of the Water in the reſpective 
Points C, Z, D, and &; and the Circle PO being 
drawn parallel to the Circle NM, the Right Line 
T O will be equal to the Height of the Water in 
the Points O, V, 5, R and P, where the ſaid Cir- 


cle PO meets with the Æquator and the reſpec- 
l | tive 
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tive Parallels. Things being thus laid down, let 
us conſider the Place, which, by its Diurnal Mo- 
tion, deſcribes the Parallel CD: It is plain, that 
when this Place is in D, the Height of the Sea 
TD is the greateſt; that is, that it is high Tide 
or Flood, when the Moon L is in the Meridian; 
but afterwards that in the ſame Place the Height 
of the Water is the leaſt, when the Place by its 
Revolution is come to A, as has been thewn be- 
fore; and again, that it is Flood when the Place 
is come to C. But becauſe 7 D is greater than 


& (as being nearer to the longeſt Line 71) in 
the preſent Caſe, when the Moon declines to the 


elevated Pole, the Height of the Sea will be great- 
er when the Moon is in that Part of the Meridian 
above the Horizon, than when it is in the Part of 
the Meridian which is below it. Likewiſe TC is 
leſs than T, being nearer to T M; that is, in the 
Place, which by its Diurnal Motion deſcribes the 
Parallel FG, the greateſt Height of Water, which 
happens when the Moon, declining towards the 
depreſs'd Pole B, is in that Part of the Meridian 
which is above the Horizon, is leſs than the great- 
eſt Height, which happens whilſt the Moon is 

come to the other Half of the Meridian. 
Moreover, the Difference of the ſaid Tide, 
which is alternately higher or lower (in a Place 
ſituated out of the Equator, as the Moon comes 
to the viſible or hidden Part of the Meridian) 
will be greater, if it be join'd with ſome of the 
Cauſes before explain'd, which produce the ſame 
Kind of Effects, as for Example, at the Time of 
the Solſtices; for then each Luminary very 
much declines from the Zquator, on which 
Declination it has been ſhewn that the Altera- 
tion of the 'Tides depend. And the Effects will 
yet be encreas'd, if the aſcending Node of the 
Moon's 
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Moon's Orbit be in the Vernal Zquinox ; for 
then the Moon being in Conjunction with the 
sun, beſides a Declination equal to the Sun's 


greateſt Declination, does then (being in the 
Limit) decline ſtill more to the North or South 
by the Quantity of its greateſt Latitude. 


Things would be exactly thus, if the Globe of 
the Earth was cover'd with Water of a ſufficient 
Depth; but by reaſon of great and ſmall Iflands 
which ſtop the Tide, and the Streights between 
them, alſo the Shelves and Shallows, along 
which the Tides are to be propagated, the Vari- 
ety of this Phænomenon is almoſt infinite. But 
when you know the Situation of them in reſpet᷑t 
of ea other, and juſt Obſervations of the Tide 
are exactly had, you may find out the Reafons 
of all the particular Phznomena of the Tide, be- 
cauſe they naturally flow from what has been laid 
down. But as theſe are not to'our Purpoſe, and 
even what we have hitherto ſhewn, are only 
Lemma's for determining the Figure of theMoon, 
we ſhall not enter upon the Detail of ſuch Parti- 
culars. „ 5 ws 
Pic LXVI. Lemma 
IF the Moon's Globe was every where cover'd 

with a deep Sea like our Sea, it ond be indie 
with the Figure bf an oblong Spheroid, whoſe Axtx, 
produc*d with, wor d paſs thro the Earth: Aud the 


Height of the Lunar Fluid, in the Parts of the * 


Moon which are towards us, and thoſe that are 
turi'd from us, above a Sphere inſcrib'd in the 
Spheroid, wou'd be to the analogous Height of our 
Sen in the. Parts which are under the Moon, and 


- thoſe which are diametrically oppoſite to them, a- 


bove a Sphere inſcrib'd in the Spheroid, in a Ra- 
tro componnded of the Ratio of the accelerating 
Gravity of the Moon towards the Earth, tothe ac- 
Ooo celerating 
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celerating Gravity of the Earth towards the Moon, 
aud the Ratio of the Moon's Diameter, to the 
Earth's Diameter. | 

That the Lunar Fluid wou'd riſe up into a 


e Figure, whoſe Axis wou'd paſs thro' 
t 


e Earth, is plain from the ſame Arguments, 
which we made uſe of in the 64th Prop. to prove 
that the Terreſtrial Fluid wou'd put on ſuch a 
Figure. For ſince it has been ſufficiently ſheyyn 
in the firſt Book, that all Bodies are heavy, we 
may very well ask with Kepler, in his Lunar 
Aftronomy, Why we may not ſay that the Earth 
araws the Lunar Waters, as well as the Moon 
draws the Terreftrial Waters © Moreover, if the 
accelerating Gravity of the Earth, towards the 
Moon, was equal to the accelerating Gravity of 
the Moon towards the Earth, (that is, if there 
was the ſame Quantity of Matter in the Moon 
as there is in the Earth ;) it is plain that the 

Fluids of the ſame Denſity, with which theſe two 
Globes are covered, will put on ſimilar Spheroi- 
dical Figures. For there cannot be any Reaſon 
thought of, why the Fluid of one Globe ſhou'd 
riſe into a more acute Spheroid, than that of the 
other: For, excepting the Maſs alone, in the 
preſent Cale, all Things are the ſame on both 


Sides. And when all Things neceſſary for pro- 


ducing every Kind of Equality are ſuppos'd, ex- 
cept * Maſs, inſtead of all Kind of Equality, a 
Likeneſs or Similarity will be produc'd. Let 
the two Schemes [Fig. LVIII.] ſhew the fimilar 
Spheroidical Figures, in which the Moon (whoſe 
Center is L) and the Earth (whoſe Center is 7) 
wou'd raiſe alternate Fluids of equal Maſſes or 
Denſity ; and LB, TA, the Axes of thoſe Fi- 
gures, 575 lie in directum, by Prop. 64. If the 
Spheres FD, EC cutting the Axes in C and rh 
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be ſuppos d to be inſcrib'd in theſe Spheroids, by 


reaſon of the Similarity of the Spheroidical Fi- 
gures in the preſent Caſe, BL will be to LE, as 
TAto TE, and by dividing, BD to LF, as AC 


to TE, and again, BD to AC, as LFtoTE; 


that is, if the accelerating Gravity of the Earth 
towards the Moon, and of the Moon towards the 


Earth was equal, the Elevation of the Lunar 


Fluid, in the neareſt and the remoteſt Parts above 
the inſcrib'd Sphere, wou'd be to the analogous 
Elevation of the Terreſtrial Fluid in the Places 


under the Moon, and thoſe that are oppoſite to 


it, as the Diameter of the Moon, to the Diame- 
ter of the Earth. Again, if the Earth and the 


Moon had equal Diameters, the Heights above 


the inſcrib'd Spheres, to which Fluids of equal 
Denſity wou'd riſe, wou'd be as the accelerating 
Gravities in the attracting Bodies themſelves ; 
that is, the Height of the Spheroid, to which 
the Lunar Fluid is rais'd aboye the Sphere, in 
the Parts neareſt to, and fartheſt remov'd from 
the Earth, wou'd be to the like, or fimilar 
Height of the waterySpheroid above the infcrib'd 
Sphere, to which the Terreſtrial Fluid is rais'd, 
as the Moon's accelerating Gravity towards the 
Earth, to the accelerating Gravity of the Earth 
towards the Moon. And therefore, if neither 
the accelerating Gravity of the Earth towards 
the Moon be equal to the accelerating Gravity 
of the Moon towards the Earth, nor the Diame- 
ter of the Moon equal to the Diameter of the 
Earth; yet the Height of the Lunar Fluid a- 
bove the Sphere (inſcrib'd in a Spheroid) on 
thoſe Parts of the Moon which are turn'd to- 
wards us, and thoſe which are turn'd from us, 
will be to the analogous Height, to which our 
Sea, in thoſe Places that are under the Moon, 
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and ſuch Places as are diametrically oppoſite to 


them, does riſe above the Sphere inſcrib'd in the 


Spheroid, in a Ratio compounded of the Ratio 


of the Moon's Diameter, to the Diameter of the 
Earth, and the Ratio of the accelerating Gravity 


of the Moon towards the Earth, to the accelera- 


ting Gravity of the Earth towards the Moon. 


9. E. D. 
our define the oblong Spheroidical Figure of the 
Moon. 5 | 

In former Propoſitions it has been ſhewn, that 
the Moon was once every w here cover'd with a 
Fluid (which appears from its Spherical Figure) 
and that that Fluid has been of an oblong Sphe- 
roidical Figure, whoſe Axis goes thro' the Earth. 
But becauſe alſo the ſame Face of the Moon is 
always turn'd towards the Earth, (which hap- 
pens upon account of the Moon's Period about 
its own Axis, being equal to the Moon's Period 
about the Earth, as was ſhewn in the 68th Prop.) 
the Situation of the Eminences of that Spheroid, 
beyond the Globe of the Moon, will always be 
the ſame on the Moon's Surface. Then as the 
Fluid, or ſoft Matter of the Moon, became hard 
by Degrees, the Eminences of this Spheroid on 
the Moon's Surface, being at reſt,” alfo became 
hard, and the Moon from ſoft, becoming hard, 
retains this oblong Spheroidical Figure ; other- 
wiſe than it happens in the Earth, in which the 
Fluid Eminences of the Spheroid, above the in- 


PRO POSLITION LXVII. 


ſcrib'd Square, upon account of the ſwift Mo- 


tion of the Earth about its own Axis, are in a 
perpetual Rotation about the Earth, and pre- 
ſerve their Pluidity. . | 
To determine of what Kind this Spheroidical 
Figure is, we mult obſerve that in Prop. preced. 
| : | it 
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has been demonſtrated that the Exceſs of the 
Axis of an oblong Spheroid, above the Diameter 
perpendicular to it, is to the Exceſs of the great- 
eſt Height of our Sea, occaſion'd by the Forces 


of the Moon alone above the leaſt Height of it, 


in a Ratiq compounded: of the Ratio of the ac- 
celerating Gravity of the Moon towards the 
Earth, to the accelerating Gravity of the Earth 
towards the Moon, and the Ratio of the Moon's 
Diameter to the Diameter of the Earth: But 
each compounding Ratio is given, the firſt from 
the 62d Prop. and the laſt from Prop 59 ; there- 
fore the compounded Ratio is given, vi. 
the Ratio of the .Exceſs of the Axis of the 


| Moon's Spheroid above the Diameter which is 


perpendicular to it, to the Exceſs of the great- 
eſt Height of our Sea, occaſioned by the Force 
of the Moon alone above the leaſt. But this 
Exceſs is given by Obſervation ; therefore the 
other alſo, viz. the Exceſs of the Axis of 
the Lunar Spheroid above the Diameter perpen- 
dicular to it : But the Moon's Diameter is gi- 
ven, by Prop. 59 ; therefore alſo the required 
Axis of the oblong Spheroid. And therefore al- 
ſo the Moon's oblong Spheroidical Figure is de- 


ind. & &. £7 


The Figure of the Moon is compounded of 
the prolate Spheroid, defin'd in Prop. 63. and 


of the oblong one determin'd in this 67th Pro- 


poſition. But if its Surface was cover'd with a 
Fluid, there would beſides be a third oblong 


Spheroidical Figure, made by the diſturbing 


Force of the Sun, whoſe Axis produc'd wou'd 
go thro? the Sun, and therefore whoſe Eminen- 


ces, in one Rotation of the Moon about its own 


Axis, would go over the whole Compaſs of the 
Moon, like our Tide. 'The higheſt Elevation 
: .Ooo3z of 


A 
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of this Fluid, above the defin'd Figure of the 


Moon, - wou'd be to the Elevation of our Sea, 


produc'd by the Sun's Force only, as the Dia- 
meter of the Moon to the Diameter of the Earth, 
and therefore known. PW, N 

What has been ſaid of the Earth, and of the 
Moon its Satellite, is alſo true of Jupiter and 
Saturn and their Satellites, if thoſe great Bodies 
either now are, or have formerly been Fluid: 
For the mutual Gravity of Bodies, the Endea- 
vour to recede from the Axis of Motion in Bo- 
dies; moving circular, and the Nature of a Fluid, 
are the ſame at Jupiter and Saturn, as at the 
Earth. 85 


* 
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SYCTION AM... 
Of Saturn's Ring and its Phaſes. 


Aving ſhewn and demonſtrated the Geo- 
| metrical Method, by which the Reaſons 
of what has been obſerv'd of the Secondary Pla- 
nets and their Phaſes are explain'd, and their 
Quantities are determin'd ; the ſame muſt be 
done in reſpect of the Ring or Arch which en- 
compaſſes Saturn, becauſe it may be look'd up- 
on as a Satellite, and therefore ought here to be 
ſpoken of, after our having explained other 
things concerning Satellites. 


PROPQOSLTI on LXVIII. 


* 


=O define the Magnitude, Figure, and Situation | 


¶ the Ring which encompaſſes Saturn. 
. Saturn's Ring is thin and plane; and does no 


where cohere to his Globe; [Fig. LIX. | be- 


cauſe 


# 
* 
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cauſe we can ſee the Fix'd Stars thro' the Space 
GCB, between the Ring and Saturn. * 
The Semidiameter of the Ring is to the Semi- 
diameter of Saturn, as Two and a Half to | 
and the Interſtice between the Globe of Saturn, 
and CG H, the inner Limb of the Ring, is equal 
to CD, the Breadth of the Ring. Its two Sur- 
faces, vis. DFH ſeen here, and the other 
hidden one parallel to it, are Planes, but yet 
not poliſh'd like a Speculum, bur reflecting the 
Light of the Sun that falls upon them every way. 
The "Thickneſs of the Ring, or the Diſtance be- 
tween the two ſaid Planes, is ſenſible, tho not 
very great: It either does not at all, or does but 
very little refle& the Sun's Rays falling upon it; 
or perhaps, like a Speculum, reflects the Light 
diverging from one Point, and not coming at 
the Earth. | 
This Ring, (which, by reaſon of its Gravit 
towards the Center of Saturn, is like an Ak 


every where ſuſtain'd at an equal Diſtance from 
Saturn) if it has any Revolution, has it about 


its own Axis, or a Right Line drawn from the 
Center, perpendicular to its parallel Surfaces ; - 
and therefore, by reaſon of its Uniformity, ap- 


|. pears, to adiſtant Obſerver, to be at reſt. It is 


very probable that Saturn, itſelf revolves about 
the ſaid Axis upon the Poles P, p; fo that the 
Ring, in the produc'd Plane of Saturn's Æqua- 


tor, encompaſſes this Planet at a Diſtance from 


its Surface, ſomething greater than the fourth 
Part of its Diameter. | | 

All theſe things appear to an Eye aſſiſted with 
a 2 Teleſcope, and are meaſur d by the Help 
of a Micrometer ; that is, are compar d with the 
Globe of Saturn, | ; 


Ooog Saturn 
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Saturn, encompaſs'd with his Ring, is carried 
about the Sun in its Orbit, after the fame Man- 
ner as the Earth in its Orbit, which we have de- 
ſerib'd in the 3oth Prop. of Book I. viz. the 
ing, and ſo perhaps the Zquator of Saturn, are 
carried in the Plane of the Orbit, the Axis al- 
ways being parallel to itſelf; and the Plane of 
the Ring is always inclin'd in the ſame Angle, 
namely, of 23 Degrees, to the fix'd Plane of 
the Ecliptic, and therefore always in the ſame 
Angle to the Orbit of Saturn. | 
About the Year of our Lord 1659, the com- 
mon Interſection of the Ecliptic, and of the 
Plane of Saturn's Ring, was obſerv'd by Chri- 
fian Hugens,' to be in the 204 Degree of Virgo, 
and the 20; Degree of Piſces: For at that Time, 
when Saturn was in thoſe, Points, it appear d 
without Handles or its Ring; in the 20 Degree 
of Gemini and Sagittarius, namely, the moſt re- 
mov'd Points from the former, the Handles ap- 
pear d the moſt open, and drawn aſunder, be- 
cauſe the Circle of the Ring, heing then ſeen 
with very little Obliqu ts on the Figure 
of a broad Ellipſis. But becauſe the faid Points 
at 20: Degrees of u, and of *, are not very 
far diſtarit from the Points where the common 
_ Interſection of the "Terreſtrial Xquator, with 
the ſaid Plane of the Ecliptic, going thro' the 
Sun, meets with the Ecliptic, and theſe two 
Planes are inclin'd in equal Angles to the Plane 
pf the Ecliptic ; theſe two Planes, namely, that 
of the Æquator, and that of Saturn's Ring, will 
be nearly parallel to each other. And there- 
fore if this Ring be obliquely look'd upon from 
the Earth, and. for this Reaſon appears Ellipti- 
cal, the greater Axis of this Ellipſe will be near- 
ly parallel to the Celeſtial Æquator. 
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ried It is likely that the ſaid Right Line (which is 
Man- the common Interſection of the Plane of the 
e de- Ring of Saturn, and the Plane of the Ecliptic) 
. the is carried i antecedentia, by an angular Motion. 
1, are If this Ring be connected magnetically with 
is al- Saturn's qua tor, or by any other impercepti- 
ne of ble Manner (for it is plain from Obſervation 
ngle, that it touches it no where, ) ſo that the Planes 
ie of of them may always coincide in one; Saturn's 
ſame ZXquinoCtial Point will go backward : For this 


Ring is ſo much redundant Matter about Sa- 
turns Zquator ; whence (by Prop. 64. B. I.) we 
find the Motion of thoſe Points i antecedentia, 
after the ſame Manner as that of the Terreſtrial 
Æquinoctial Points. If the Ring, like a Se- 
condary Planet, performs its Motions, not de- 
pending upon Saturn's Globe, the Regreſs of 
the foreſaid Line will be plain, from Prop. 14. 
Book IV. | | 
Moreover, the Angle, which the -Plane of 
the Ring contains with the Plane of Saturn's 
Orbit, will be greater, by Prop. 15. when Saturn 
is in their common Interſection, than when it 
is any where elſe; and leaſt of all, when Saturn 
is moſt diſtant from it: But theſe Changes are 
ſo ſmall as to be ſcarce obſervable from the 
Earth. et 


| PrxoOPOSITION LXIX. | | 
72 deſcribe and define the Phaſes of Saturus 
* Ring, ſeen from the Sun. [Fig. LX.] 
We begin from that Phenomena happening 
when the Spectator's Eye coincides, or is at the 
illuminating Body, as being the moſt ſimple 
and leading to the others. Firſt, it is plain, that 
when Saturn is ſeen from the Sun, as at A or J, 

(in the Figure where we have repreſented Sa- 
| turn, 
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turn, together with its Ring carried parallel to 
it ſelf, with the Figure of the Diſc's Appearance 
drawn reſpectively behind each Repreſentation 
of Saturn) we can ſee neither Face of the Ring, 
and that upon a double Account: For firſt, 
fince in that Caſe the Plane of the Ring pro- 
duc'd goes thro' the Sun, neither Face of it will 
be enlighten'd, the Sun's Rays only ſliding by 
on each Side of it, therefore it can't be ſeen, as 
being obſcure ; then, ſince the Eye is alſo 

lac'd in the Sun, that is, in the Planes to be 
— produc'd, thoſe Surfaces, tho' enlighten'd, 
cou'd not be ſeen. If the Edge of the Ring 


ſhou'd, like the Planets, every way reflect the 


Sun's Rays falling upon it, two bright Arms 
wou'd ſtand out in a Right Line inclin'd to the 
Ecliptic, in an Angle of 23: Degrees; but 
fince this Edge does not reflect the Rays (as has 
been ſhewn in the foregoing Propoſition) the 
Arms will not appear extended beyond Saturn's 
Diſc ; but becauſe the King croſſes Sarurn's en- 
lighten'd Diſc, it will look like a dark Line in- 
clin'd in the Manner before-mention'd, drawn 
thro' the Center of the Diſc : But this dark 
Line alſo will appear in other Poſitions, ſome» 
times above the Center of the Diſc, and ſome- 
times bent below it, as the Situation of the 
dark Edge requires. 

As Saturn goes from A, thro' B, C, &c. to- 
wards E, or from J, thro' K, L, &c. towards N, 
the Sun is by degrees rais'd above the Face of 
the Ring, either the one or the other, till Sa- 
turn being come to E or N, a Plane drawn 
thro* the Sun and Saturn, perpendicular to the 
Plane of the Fclijptic, is alſo perpendicular to 
the Plane of the Ring, and the Sun is rais'd a- 

bout 23+ Degrees above the Plane of the Ring, 
| in 
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5 = 
in which Caſe that Face of the Ring, which 


the Sun enlightens, is moſt illuminated of any, 
by reaſon of the Incidence of the Sun's Rays, 
which are then very direct: And the circular 


| Limb of the Ring, the Eye being alſo plac'd 


in the Sun, will, from the Laws of Opticks, ap- 
pear an Ellipſe, whoſe greater Axis is three 
times the Length of the leſſer, as the Radius is 
almoſt three times the Sine of 233 Degrees. 
And then as Saturn goes from E, thro' F, &, &c. 
towards IJ, gr from NM, thro' O, P, &c. towards 4, 
the Sun's Elevation, above the enlighten'd Face, 
is by degrees diminiſh'd, till at laſt it enlightens 
neither Face, but throws its Rays along or pa- 
rallel to both of them. In any intermediate 
Situation the enlighten'd Face will be more or 
leſs ſo, according to the greater or leſs Diſtance 
of Saturn, from the Situation A or J, and the 
circular Ring will appear under the Shape of a 
more contracted or more dilated Ellipſe ; name- 
ly, its greater Axis will be every where to its 
leſſer, as the Radius to the Sine of the Angle, in 
which a Right Line, drawn from the Eye to its 
Center, is inclin'd to the Plane of the Ring. 
The foreſaid Angle in which the Sun (or an 
Eye in the Sun) is rais'd above the Plane of the 
Ring, in any Situation of Saturn (namely C) 
is equal to the Angle in which the Sun is rais'd 
above the Plane of the Terreſtrial ÆEquator, 
(that is, to the Sun's Declination from the - 
quator) when the Earth is diſtant from the 
Point where it is Equinox to the Inhabitants 
of the Earth, by an Angle equal to ASC, and 
therefore it may eaſily be found by the Table 
of Declination of the Points of the Ecliptic ; 


For (by the foregoing Prop.) the greateſt Eleva- 


tion of the Sun, above the Plane of t huts 
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ſtrial Æquator, is equal to its greateſt Elevation 
above the Plane of Saturn's Ring. 

When Saturn ſticks near the Point 4, the 
Ring will leaſt of all be perceiv'd, not only be- 
cauſe the leſſer Axis of the Ellipſe is very little 
in ſuch a Caſe, but chiefly becauſe it will be but 
very little enlighten'd, by reaſon of the Oblj- 
quity with which the Sun's Rays fall upon ir, 
and therefore will be ſcarce perceivable to the 
Eye. But it is plain by Experience, that to 
have the Face of the Ring enlighten'd, ſo that 
it may be viſible, the Sun muſt be at leaſt three 
Degrees above its Plane ; in order to which the 
Heliocentric Place of Saturn muſt be ſeven or 
eight Degrees diſtant from A or J, and there- 
fore all the Time that Saturn, ſeen from the Sun, 
is on this Side or beyond the Point A or J, (al- 
ready often deſcribed) it ſticks between ſeven or 
eight Degrees, that is, when, in the oppoſite 
Part of its Orbit, it runs thro? thoſe fifteen De- 
grees, which laſts about as many Months, its 
Ring and Arms or Handles, which it makes, will 
not appear; but Saturn will appear round and 
alone without any Ring. But theſe Limits will 
be different according to the different Goodneſs 
of the Obſerver's Eye, and Length and Good- 
neſs of his Teleſcope. Theſe are the chief Phæ- 
nomena of the Ring that encompaſſes Saturn, 
ſeen from the Sun; and this is the Manner of 
determining them. | 

SCHOLIUM.. 

For the ſame Reaſon, the Ways of the Satel- 
lites revolving about any Primary Planet, ſeen 
from the Sun, appear ſometimes ſtreight, ſome- 
rimes elliptical : Streight, when the Line of the 
Nodes of the Satellites produc'd goes thro' the 
Sun ; but when the Satellite, ſeen from the Sun, 
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is very much diſtant from its Primary Planet, it 
moſt of all declines from the Way of the Prima- 


ok IV 


levation | 
ry Planer ſeen from the Sun, in which Caſe the 
4, the Eclipſe of that Satellite, running into the Sha- 
Only be. MW dow of the Prymary Planet, will be central, and 
ry little therefore (c@teris paribus) very laſting, and the 
be but Shadow of the Satellite, running thro' the low- 
ze Obli. er Part of its Orbit, falling upon the Primary 
pon it, Planet, runs over the Center of the Diſc ſeen 
to the from the Sun. Whence the Phænomena of the 
that to Sun, and of a Satellite ſeen from its Primary 
ſo that Planet, will be defin'd according to the forego- 
ſt three ing Rule. Out of this Situation, the Way of a 
ich the Satellite, ſeen from the Sun, will appear to be an 
ven or Ellipſe, (that is, a Circle ſeen obliquely) whoſe 
there- greater Axis is not yet in the apparent Way of 
1e Sun, the Primary Planet. 'This Ellipſe will have its 
I, (al- ſhorter Axis, the leſs by how much nearer the 
ven or Primary Planet is to thoſe Points where the for- 
5poſite mer Phaſis happens, and the greater by how 
en De- much it is more remov'd from them ; and there- 
hs, its fore the longeſt of all (that is, this Ellipſe, 
5, will which the Circular Orbit of the Satellite appears 
d and to be, will be broadeſt) when the Primary Pla- 
ts will net is in the Places intermediate between thoſe 
»dneſs mentioned ; namely, when a Right Line, join- 
Jood- ing the Sun and a Primary Planet, is very little 
Phz- oblique to the Plane of the Orbit of a Satellite; 
turn, in which Caſe the Satellite, in its greateſt Elon- 
er of gation from its Primary Planet, will appear to 
be in the Way of the Primary Planet ſeen from 
the Sun; but in its Conjunction with the Pri- 
Satel- mary Planet, it declines very much from the 
ſeen ſaid Way, on the one or the other Side, as it 
ame- is in the inferior or ſuperior Semicircle of the 
f the Orbit. Whence it happens, that a Satellite, in 
the the upper Part of its Orbit, will be very far di- 
Sun, | ſtant 


* 


ſtant "IE the Axis of the Shadow of the Pri- 
mary Planet, and in the lower Part of it, the 
Shadow of the Satellite will alſo be very diſtant 
from the Center of the Diſc of its Primary Pla- 
net ſeen from the Sun ; therefore, according to 
the Inclination of the Plane of the Orbit of 
the Primary Planet, and according to the Mag- 
nitude of the Satellite's Orbit, the Eclipſes ari- 
ſing hence will be (ceteris paribus) either very 
ort, or perhaps none at all. 
diate Place, the Satellite's Way about the Pri- 
mary Planet, ſeen from the Sun, will be an El- 
lipſe of leſs Breadth, and all the foreſaid Things 
will be mix'd. And all theſe Phaſes will hap- 
pent twice in one Revolution of the Primary 


Planet about the Sun, if the Line of the Nodes 


always remain parallel to itſelf ; and if it moves, 
all Variety of Phaſes will happen, from the 
Time that that Line of Nodes produc'd falls in- 
to the Sun, till it be again directed towards it; 
And converſly, from theſe Obſervations of theſe 
longer or ſhorter Eclipſes, the Poſition of the 


Line of the Nodes of a Satellite, and the In- 


clination of the Plane of the Orbit of a Satel- 
lite, to the Plane of the Orbit of a Primary Pla- 
net, will be defin d. | 


Prorosfrion LXX. 
70 deſcrile and define the Phaſes of Saturn's. 
Ring, ſeen from the Earth. 

Tho' the Phaſes of Saturn's Ring, ſeen from 
the Sun, are nearly the ſame with the Phaſes of 
it ſeen from the Earth, (becauſe Saturn's Geo- 
centric Place, at moſt, ſcarce differs ſix Degrees 


from its Heliocentrick Place) and therefore are 


to be defin'd by the foregoing Prop. Yet fince 
they differ in ſome Thi 
Saturn 
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thew wherein they differ. 


Sarurn appears round, we ſhall in a few. Words 
Let &, | Fig. LXI. be the Sun, AB IN the 
Orbit of Saturn, DC T the annual Orbit of the 
Earth; (for we don't here conſider its Inclina- 
tion to the Orbit of Saturn as being very ſmall) 
and let A and J be the Places of Saturn's Orbit, 
in which Saturn is, when the Plane of its Ring, 
produc'd; goes thro? the Sun, and it is Æquinox 
in Saturn, if the Ring be in the Plane of the 
Æquator, and Saturn revolves about its own 
Axis. It is plain that when Saturn is in A or [ 
the Ring will not be ſeen by an Eye in the 
Earth, whatever Part of its Orbit the Earth is 
in: For ſince in that Caſe neither Face of the 
Ring is enlighten'd by the Sun, neither Face 
will be ſeen by the Eye, tho rais'd high enough 
above its Plane. The Edge only of the Ring is 
enlighten'd, which yet is not ſeen, becauſe it 
does not reflect the Rays, at leaſt ſo as they may 
reach the Earth: Yet ſince it croſſes the bright 
Diſc of Saturn, it appears obſcure, or like a 
dark Line, for the Reaſons explain'd in the fore- 
going Propoſitions. 8 
Moreover, if when Saturn is got to B, the 
Earth be in ſuch a Point C of its Orbit, that BC 
de parallel to AJ7, Saturn will alſo appear round: 
For tho' one Face of the Ring be in that Caſe 
enlighten'd by the Sun, an Eye on the Earth 
is alſo found in the Plane of the Ring produc'd, 
and therefore it does not ſee it, but has only the 
dark Edge turn'd towards it: This happens 
when Saturn, ſeen from the Earth, has behind it 
the ſame Fix'd Stars, which it had when the 
Eye was ſuppos'd in the Sun, and the Sun in 
the Plane of the Ring produc'd ; that is, when 
the Geocentric Plane of Saturn is the ſame wy 
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the Heliocentric Place, (which happens when 
it is in the Plane of the Ring produc'd) as may 
eaſily be known from Aſtronomical Tables. 
Again, let Saturn be ſuppoſed in the Situation 
H, and the Earth in E, ſo that the Plane of the 
Ring, or rather its common Section with the 
Plane of Saturn's Orbit, which is the Right Line 
HM, parallel to 1A, being produc'd, falls be- 
tween the Sun , and the Earth E, which will 
happen when Saturn's Geocentrical Place, and 
its Heliocentrical Place, are at different Parts of 


the Place, defcrib'd above in Prop. 68, where the 


Plane of the Ring, produc'd, falls on the Sun or 
Earth, which is readily known by Aſtronomical 
Tables, eſpecially Ephemeris's ; for the Right 
Line SH, ſhewing the Heliocentric Place of Sa- 
turn, falls on one Side of the Right Line HAM, 
and EH, ſhewing its Geocentric Place, falls on 
the other Side of the ſame Right Line: I ſay, 
that in ſuch a Caſe an Obſerver on the Earth 
will not ſee the Ring, (only a dark Line will 


'appear to croſs Saturn's Diſc) becauſe he can't 


ſee that Face of the Ring which is expos'd to the 
Sun's Rays, as being turn'd from him. For in 
that Caſe, that Face, which is as a Shadow, is 
turn'd towards the Earth. Fo 

On the Contrary, when the Right Lines TN, 
SN, drawn to Saturn from the Sun and the 
Earth, fall towards the ſame Parts of the ſaid 
Line NR, (the common Section of the Planes 
of the Ring, and of the Orb of Saturn) as it 
happens when Saturn is in N; that is, when 
Saturn's Geocentric Place, and its Heliocentric 
Place are on the ſame Side, in reſpect of the Place 
above deſcrib'd, where the Plane, of the Ring, 


| produc'd, falls into the Sun; then the ſame 


Face of the Ring is turn'd to the Sun and to the 
x Earth, 
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Earth, and therefore (if the Reaſons given in 


the foregoihg Prop. don't interfere) the enligh- 
tened Pace ſeems to give Saturn Arms or Han- 
dles; VIS. 1 if. 'the Sun dbes endugh enlighten 
the Ring, * char its Liglit may affect the Eye ; 


that is, iH itrhhe fais d thrèe or more Degrees a- 


bove the Plane of the Ring; of if Saturn Be 
diſtant from the Point A or J, eight Degrees or 

more, and the Earth alſo be Falk one Degree, 

or more; above the Face of it, (for ſome [nk 
ble Elevation is neceflary'for the Eye to have 
above the Plane of the Ring, leſt the Eclipſe, 
which the Ring repreſents, ſhou'd appear like a 
very ſmall Line, and ſo not reflect Light enough 


to affect the Eye ;) that is, if the Geocentric 
Place of Sacuhrn be about three Degrees, or 


more, from the Place where the Plane of its 
Ring, produc'd, falls upon the Earth, the Ring 
will be viſible, as has been ſhewn 1 in the forego- 


ing Prop; 


To define what Kind of Ellipſe * Ring, at 


any Time, repreſents; we muſt obſerve, "hit 
when its Plane is inclin'd to the Plane of the 
Orbit of the Earth, about 23 Degrees, where 


the Circle of the Ring appears the moſt direct 
of all, a Line, joining the Eafth and the ſaid 
Circle will be inclin'd to the Plane of the Cir- 
de, in the ſaid Angle; and therefore in that 
Cafe the Circle will appear to be an Ellipſe, 
whoſe greater Axis is three times longer than 
the [nf er Axis. Moreov in any other In- 
flination of a Right Line joining the Earth 
and Saturn to the Plane of the Circle, (we 
muſt find the Diſtance of thꝰ Geocentrie Place 
of Saturn from that Geocentric Place of it, 
where the Plane of the Ring produc d goes 


thro? the Earth, by Help of the Table of De- 


Ppp Y elination 


i 
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clination of the Points of the Ecliptic, as above) ſaid 
its greater Axis will be to its leſſer, as the Radius Lin 


to the Right Sine of the Angle lately found, in of t 
which the Eye is rais'd above the Plane of the MW Orb 
Ring. And theſe. are the chief Phaſes of the the 

Ring ſeen from the Earth, and the Manner of 

defining them. Q. E. F. 12 appa 

The Ellipſe alſo, which repreſents the inner Mar 
Circle of the Ring is of the ſame Kind, as be- the 
ing in the ſame Plane with the outer one: But 
this Ellipſe is not the ſame with the perforated 

Figure, upon Account of the Thickneſs of the 
Ring. The hithermoſt Half of this Figure is 
the ſame with Part of the foreſaid Ellipſe ; but 
the furthermoſt Part of it is equal and ſimilar 
to a Part of the Ellipſe, brought a little nearer 
to the Axis; as is plain from Fig. 59. 


:  SCHOLIUM. 


After the ſame Manner, from the Way. or 
'Track of a Satellite about its Primary Planer, 
ſeen from the Sun, and determin'd by the fore- 
going Propoſition, may be determin'd the Fi- 
gure of it, ſeen from the Earth at any Time 
propos d. For it is plain, that a Satellite, to 
an Inhabitant of the Earth, will appear to have 
deſcrib'd a Right Line, when the Earth is found 
in the Plane o* the Orbit of a Satellite, tho” the 
Sun at that Time is not in it; and that the El- 
lipſe (which, in all other Caſes, it repreſents) 

comes neareſt to a Circle, when a Right Line, 
joining the Earth and a Primary Planet, is the 
leaſt oblique to the Plane of the Orbit of a Satel- : 
lite, tho” at that Time a Right Line, drawn from 
the Sun to the Primary Planet, is not the leaſt 
oblique that it can be to the ſaid Plane. And, 


on the other hand, from the Obſervation of 2 
ai 
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ſaid Phaſes, may be defin'd the Situation of the 


Line of Nodes, and the Inclination of the Plane 
of the Orbit of a Satellite, to the Plane of the 


Orbit, which its Primary Planet deſcribes about. 


the Sun. | | 

Moreover, the ſame 'Things are- true of the 
apparent Way of a Spot, or any other viſible 
Mark in the Surface of a Primary Planer, or of 
the Sun itſelf, in its Rotation about its Axis, 
or of a Circular Order or Series of ſuch Marks: 
For, ſuch a Circle, by the Laws of Opticks, 
will appear ſometimes a Circle, ſometimes an 
Ellipſe, as the Earth is in its Plane produc'd, 
br out of it. | 
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4 


The FIFTH Book 


, Comets. 


DV AvinG explain'd the Motions of 
the Planets, as well Primary as Se- 
2 condary, and the Phænomena thence 
0 ariſing, we proceed to exp Þ gain the 
— * $£ Motions of another Sort of Bodies, 
namely, of Comets; a great many Kinds' of 
which are mentioned by Authors: For they di- 
ſtinguiſh them according to the various Co- 
lours which they appear to ſhine with, and the 
Planets which they look like, and the Figures 
of their Tails. We that treat of Aſtronomy, 
and not Aſtrology, own only one Kind of Co- 
mets, which have thoſe different Appearances, 
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694 De ELEMENTS Book V. 
according to the Difference of the Vapours 
which make their Tails, and the different Situ- 


ation of the Comet itſelf in reſpect to the Sun. 

In treating of them we ſhall firſt take Notice 
of ſome Phyſical Matters, that we may after- 
wards go on to Geometrical Propoſitions, name- 


1y, to determine their Orbits. In the Phyſical 


Things which we ſhall take Notice of, it will 
firſt be neceſſary to mention, and afterwards re- 


ject the Opinions of ſome Philoſophers, that 


we may the better underſtand thoſe Opinions 


which we muſt embrace. The Reader is deſir d 
to pardon our taking no Notice of theſe Things 


in the foregoing Books, but reſerving them for 


this; becauſe the Geometricians have not hi- 


therto had that Regard to the Theory of the 
Comets, which they have had to the Theory of 
the Planets and Fix'd Stars. 


— 


SECTION I. 
General Propoſitions concerning Comets. 


PRO POSITION I. 


73 explain in a few Words the Opinions of 
+ Philoſophers concerning the Duration and 


| Places of the Comets. 


The moſt antient Philoſophers and Aſtrono- 
mers ſuppos'd Comets to be eternal or conſtant 


Bodies of the World, which, like Planets, per- 


form'd their Revolutions in ſtated Times: For 
Ariſtotle, ſpeaking of Comets, in his Firſt Book 
of Meteors, Chap. 6. ſays, Ta, #8 IL mis Y 
xaAubus Hud a ie, ia xkiy ov cur3) I) of wranſey 
dier, d Sid NF T4 xeir Tt gailecier a i] 
| | 4 t 


bla £2 ty {} 2 5 1 49 


* 
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N Gol 63 wer, rang vubaiver I 181 Ty Epps 


«ies. But ſome of the [talians, calld Pythago- 


reans, ſay, That-a Comet is one of the Planets or 


Wandring Stars, but that they don't appear um- 
leſs after a long time, and are ſeen but à {mall 
ti me, which happens alſo to Mercury. And Plu- 
tarch, in his Third Book of Philoſopical Opinions, 
Chap. 2. ſays, Ta, wm lv3eyps mis wir dgles gar 
I) w v, u det pauvortfor, q m d dgroutre 
eis mptodings dvd TeWarmwv. Some of the Pytha- 
goreans ſay, that a Comet is a Star of the Num- 
ber of thoſe which do not conſtantly appear in 
the Heavens, but in ſtated Times, having gone 
thro' a determinate Circuit, ariſe or appear a- 
gain; And Seneca, in his Seventh Book of Nat. 


' Queſtions, Chap. 3. ſays thus, Democritus, the 


moſt ſubtile of all the Antients, ſaid that he ſuf- 
pected that there were ſeveral Running Stars, 
(that is, Comets) but he neither determin'd 
their Number nor Names, not having yet rigbi- 
ly underſtood the Courſes of the Five Stars, that 
is, of the Planets, except the Sun and Moon. 
And again, Seneca, in the fame Place, ſays, 
that Apollonius, the Myndian, who was very 
Skilful in Natural Sciences, affirm'd, That the 
Comets were, by the Chaldeans; recton d among 


the Planets, and had their Periods, or Courſes, 


like them. This Apollonins (as the ſame Seneca 
ſays in the 175 Chap.) us'd to ſay, That a 
Comet was a Star or Celeſtial Body as the Sun 
or Moon. But that he did not know its Courſe ; 
becauſe it cuts thro higher. Parts of the World, 
and then at laſt appears, when it comes to the 
Bottom of its Courſe 3 and that is the very ſame 
thing which was ſhewn in Prop. 10. B. 1. Of 
which Opinion Seneca himſelf proſeſſes himſelf 
to be, in the 224 Chapter, in theſe Words, J 

1 Ppp 4 don't 


® 
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aun think a t to he a ſudden Fire, but one 


of: the eternal Il, — of Nature. In the 2 Chap- 


pter, he gives the ſole and only Method by 


which this Queſtion may be ſolv'd; ſaying, that 


there ought to be a Collection of former Riſes on 
Appearances of Comets; becauſe, by Reaſon of 
their ſeldom appearing, their Courſes cannot yet 
be-underftood, uit her can it bo aiſcover'd 0e. 
ther they return or no; or, that they appear in 
Order, at a ſettled Time. And at laſt he thus 


propheſies, in the 25h Chapter, A Time will 
come, when thoſe thiugs which are now hid will 
at laſt be brought to Light, by Length of Time 


and the Diligence of Poſterity. One Age is not 
ſufficient to make ſuch great Diſcoveries. A Time 
will come, when. thoſe' that come after us will 
wonder that we were ignorant of Things ſo plain. 
And in the 26" Chapter, Some Body will domon- 
ftrate, which Way Comets wander, hy they g 
% far from the reſt of the Gæleſtial Bodies, how 


vig, aud what Sort of Bodies they are. 


Afterwards the M hole School-of the Peripa- 


reticks, to keep up their Doctrine concernin 
the Heavens, which they ſuppos'dnot capable of 


being generated or corrupted, did not look up- 
on the Comets as eternal and permanent Bodies 


of the World, but as Bodies newly produc d,and 
in a ſhort Time to periſh again, and affirm'd them 
to be Sublunary, and made of Exhalations in 


the Terreſtrial Regions; which Opinion was the 


more believ'd after ſolid Orbs were introduc'd, 
becauſe Comets cou'd'not paſs thro? them. 

But at laſt Tycho Brahe and Kepler, finding 
by Obſervation that Comets had no diurnal Pa- 
rallax, reſtor'd\them to Places above the Moon. 
The eaſieſt and readieſt Way to find the diurnal 
Parallax of a — if it has any, is the fol- 
ee lowing : 
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lowing: By the - Obſervations of many Days, 
made before and after, let the Track be defin d 
among the Fix d Stars, which a Comet wou'd- 


have, if it had no diurnal Parallax.” If there 


fore, from its Riſing till it gets to the Meridian, 
or from thence to its Setting, it has the ſame 
Place among the Fix'd Stars reſpectively, which 
it wou'd have according to the Track above de- 
fin'd; it is a Sign that it has no diurnal Parallax: 
For, when it is near the Horizon, if it had a 


8 diurnal Parallax, it wou' d appear lower amo ng 
the neighbouring Fix d Stars, which have no 


Parallax ; therefore, as the Comet is towards its 
Riſing it wou'd appear nearer to the Eaſt, and 
at Setting nearer to the Weſt, than it is ac- 
cording to the Place agreeable to that Moment 
of Time, according to former Obſervations. 
And this Method is no Way affected by the Un- 
certainty of the Refraction by which Caleftia] 
Bodies are ſeen ; for the Refraction of the neigh- 
bouring Stars is nearly the ſame with that of a 
Comet. But the readieſt Way that this Obſer- 
vation is made, is to find the true Place of a 
Comet, in a Right Line drawn between two 


Fix'd Stars, fo that thoſe Fix'd Stars, at that 


Time at a fmall Height above the Horizon, 
be in, or nearly in the ſame Almicantar, which 
will be eafily done among ſuch a Mulritude of 
Fix'd Stars, at leaſt if we take in ſuch as the 
Eye perceives with the Help of a Teleſcope: 
For, if a Comet has a diurnal Parallax, it will 
appear out of that Right Line, and nearer to 
the Horizon ; if not, 'it will even then appear 
ih a Right Line among the Fix'd Stars. 

That Comets are above the Moon is farther 
confirm'd, from the Obſervation which Mr. 
Caſſini made, of that which appear'd in the 
Y . e Vear 
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Year 1680, which he obſerv'd to be but 22 or 


23 Degrees diſtant from the Sun, and yet to 
ſhine at that Time with its full Orb ; which he 


had alſo obſerv'd of the Comet which appear'd 
in April, 1665. whence one may certainly con. 


clude, either that thoſe Comets at that 'Time 
were not only above the Moon, but alſo above 
the Sun, (ſince Mercury and Venus, at that ap- 

arent Diſtance from the Sun, do not ſhine with 
a full Orb, unleſs they be above the Sun; ) or 
that they are lucid Bodies, like the Sun or Fix'd 
Stars, or at leaſt pellacidzand tranſmitting the 
Sun's Rays, which can hardly be ſuppos'd of 
ſuch great Bodies, ſince the Sun's Spots, however 


rare their Texture is, are opaque enough. But 


that Comets are opaque Bodies, will be ſhewn 
below, from the Shadows which they caſt. 
| ProPOSITION II. 
70 give a ſhort Account of the Opinions of Phi- 
loſophers concerning the Riſe and Orbits of 
Comets. 
Philoſophers are not yet agreed about the Or- 


bits of Comets: Kepler, and after him Carteſius, 


Hevelius, and others, ſay, That the Trajectories , 
of Comets are Right Lines. For, Kepler did not 
like Circles, or other recurring Curves, for the Me- 
tion of Comets, as thinking it zt likely that the 
Motion of Comets, which never return, ſhou d be 
Circular. But Kepler, in his Phyſiolog. of Com. 
believ'd, That the vaſt Depth of the Liquid Xtber 
was of ſuch a Nature, that it produc'd Comets of 
2b ſelſ, left that Region ſhou'd be empty, and that 
that was perform'd by a Faculty like the Animal 
or Vital one, for the refining and purging of the 
Athereal Aura, which in ſome Places grows thick. 
And therefore, that this groſs fat Part of the Air, 
being gathered together like ſome Excrement into 

an 
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an Impoſthume ; it happens, from the Nature of 
the Place, to be enlightened, (becauſe the Sux's 


| Light is every where and to get 4 Motion like 


ſome Star: An exact Example of this, bow this 
fat and Cæleſtial Matter of Comets has Light and 
Motion, may be ſeen in Aerial Trajectories (or 
Star-ſhooting.) But Hevelius ſuppos'd Comets 
to be generated from the moſt ſubtile Exhala+ 
tions of Planets joining together by Chance in 
the Ether, and retaining the Form of a Diſc, 
one Side of which is turn'd to the Sun, after the 
Comet, moving in a Spiral Line, is gone out of 
the Atmoſphere of the Planet, from which it 
had its firſt Riſe. 
Carteſius ſuppos'd the Body of every Comet 
permanent, like that of a Planet, and made 


| (like a Planet) of ſome Fix'd Star, or Sun co- 


ver'd with Spots, and carried away by the next 
Vortex, as it encreas d. But he wou'd have a 
Comet be conſtantly carried in a Right Line 
from one Vortex to another. Fe. 

But thoſe that believe a Comet to be a per- 
manent Body, and to return again in the fame 
Track, as Planets do, will have its Orbit, tho? 
very Excentric, ſuch as either to contain the 
Earth in its Circle (as Mr. Caſſini ſays of the 
Comet which appear'd in the Year 1577, which 
he ſuſpects to be the ſame Comet that appear d 
again in the Years x680, and 1681) and that the 
Comet runs equably thro the Periphery of fuch 
a Circle, contrary to what the Planets do; or not 
to contain it, ſo that the Convexity of the Or- 
bit be turn'd towards the Earth, as the ſame 
Caſſini ſeems inclinable to believe, in his Theo- 
ry of the Motion of the Comet of the Year 
1664. But it is true, that Mr. Caſſini only makes 
Uſe of ſuch Orbits chiefly for calculating the 
TI bs | Motion 


| 
| 
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with the Figures of Animals, goes thro' Auti- 
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Motion of a Comet, being too cautious a Na- 
tural Philoſopher to affirm or define any ching 
concerning that Matter. 

From the Obſervation of ſeveral Comets, Mr. 
Caſſi ni has ſettled the Paths of Comets among 
the Fix'd Stars, within whoſe Limits moſt of 
the Comets (tho? not all of them) are contain'd, 
as the Planets are within the Limits of the Z- 
diac. He finds that this Cometary Zone, which 
is as broad as the quator, and like it mark'd 


units, Pegaſs, Andromeda, the Bull, Orion, the 
leſſer Dog, the Hydra, the Centaur, the Scorpion 
and the Bow of Sagitarius ; and he calls it the 
Zodiac of Comets. 

Something like this is the Ghent F Comets, 


LEO OSS oe es. wed . os 


publiſh'd by the ingenious Mr. James Bernoulli, 


in the Year 1682, in which he ſuppoſes that a 

certain Primary Planet revolves about the Sun at 

a Diſtance from the Sun, equal to 2583 Semidia- 

meters of the Magnus Orbis, in the Space of four 

Tears and 155 Days, tho Saturn, who 7s two 

hundred and fifty eight times nearer, does not 

make its Revolution in leſs than 30 Tears. About 

this Primary Planet,/(which we can never ſee, as 

well by Reaſon of its Smallneſ$ as its immenſe Di- 

ftance)) at different Diſtances, ſeveral Comets re- 
volve, tho' none of them come down quite to 

the Orbit of Saturn; therefore the Comets, ac- 

cording to Mr Bernoulli, are nothiug elſe” but 
the Satellites of the ſaid inviſible Primary Pla- 

net, which only begin to ve viſi ble when they de- 

ſcend towards us in their Perigæum, and ſo are 

neareſt to us. 

Ihe Opinion concerning the Orbits of Co- 
mets, which ſeems moſt probable to us, has been 
1 — d in the 357 Prop. of E. I. which, 

deſides 
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beſides its being moſt agreeable to the Simpli- 
city of Nature, may put on the Appearance of 
almoſt every Opinion mentiond before. Por, 
if $, which repreſents the Sun in the firſt Pi- 


gure of the firſt Scheme, be the common Focus 


of the Orbit of the Earth T HK, which is near- 
ty circular, and the very excentrical Orbit of a 
Comet be ABDIEC; it is plain that the Phæ- 
nomena of the Comet going thro' the Part E C, 
or B D, of its Orbit, will be well enough ex- 
plain'd by an equable Motion in a Right Line, 
becauſe BD, or CE, is but little different from 
a Right Line; and beſides, a Comet will move 


equably in it, becauſe equal Triangles ſtanding 


upon it, and having & for their common Ver- 
tex, will alſo have their Baſes nearly equal. 


But yet it will, at firſt Sight, hardly appear to 


be the ſame Comet, which firſt deſcribes E C, 
and afterwards B D, there being a conſiderable 
Time between thoſe two Apparitions; namely, 
that in which it deſcribes the Arc CAB, and 
is then hid under the Sun's Rays. Nov, when 
the Earth is at 7, a curve Convex towards 2 
will better agree with the Phænomena of a Co- 
met deſcribing that Part of the Orbit which is 
at A; for it is truly ſuch in the 1* Fig. of 
Scheme 1. But a curve Convex towards the 


Earth, when the Comet is in Oppoſition with 


the Sun, will never agree with the preſent 
Theory; but if it is concave, it will very well 
agree with it, if (as in the 24 Fig. of Scheme 1.) 
SA, the Perihelion of the Comet, be greater 
than ST, the Semidiameter of the Magnus Or- 
bis : For, a curve Concave, towards 7, will very 
well anſwer the Phænomena of a Comet paſſing 
at A ; becauſe ſuch a Curve is its real Traje- 
ctory. FIT 
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- PxoPOSI TION III. LEMMA. 
F. the Air ſhould expand it ſelf according to the 
following Law, which is confirm'd by Experi- 
ments, viz. That the Spaces, in which it is com- 
preſs'd, are reciprocally proportionable to the 
Heights compreſſing it; a Globe of our Air of an 


* 
* 
* 


Inch Diameter, if it ſhou'd become as rare as it 


wor'd be at the Height of the Semidiameter of 
the Farth, wou'd fil all the Planetary Regions as 
far as the Sphere of Saturn, and far beyond. 
Fig. II.) Your: 2 IS 8 
That the Law of the Expanſion of the Air is 
the ſame as was laid down here ; namely, that 
the Spaces, in which a given Quantity of Air is 
compreſs'd, are reciprocally proportional to the 
Weights —__— it, -is plain from the Ex- 
periments mention'd in the Philoſophical Tranſ- 
actious of July 1671. Ne 13. This Law then be- 
ing laid down, let ABZZ repreſent an upright 
infinite Tube, full of Air, whoſe Sides AZ, BZ, 
are parallel to one another, and perpendicular 
to the Horizon, and the Bottom AB ſtanding up- 
on the Earth's Surface : It is plain the that Air 
at AB is preſs'd by the Weight of the whole 
incumbent Air ABZZ, and that the Air at 
E D (a Parallel to 4B drawn at any Diſtance 
from it) is preſs'd by the Weight of the incum- 
bent Air E DZ Z. Let us conceive the Air 
expanded along the whole _ Line ED to 
be compreſs'd into Part of the ſaid Line, as 
CD, ſo that it may have the ſame Denſity as 
that of the Air A B, and that this is alſo done 
to any other Right Line, ſimilarly drawn as e d, 
that is, that all the Air, which before was ex- 


| panded all over the Tube A BZ Z, is compreſs'd 


where of the ſame Denſny. The Right Line BZ 


into the Space ABZ A, ſo that it may be every 


wil 
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will be the Aſymptotes of the Curve 4C c X, 
terminating the Space ACcX 24 DB A on one 


Side, becauſe at any Height above the Earth 


there is ſome Air, which therefore being come 


preſs'd, till it be equally denſe with the Air 45, 
there ſtill remains ſome. 8 

Since then the ſame Quantity of Air com- 
preſs'd as much as A B was compreſs'd, (that is, 
by the incumbent Air 4 Zz B) will take up 
the Space C D, but, compreſs'd as E D, will take 
up the Space E D; it is plain, by the foremen- 
tion'd Law of the Compreſſion of Air, that CD 
is to E D, that is, to AB, as the Weight of 
the incumbent Air EDZZ, to the Weight of 
the incumbent Air 4 BZ Z; that is, (by reaſon 
of Gravity, which we ſuppos'd the ſame at all 
Diſtances from the Center) as the incumbent 
Air CDZX, to the incumbent Air ABZX, or 
as the unterminated Figure CDZX, to the un- 


terminated Figure 4 BZ X: But this is the Pro- 


perty of the Logarithmic Curve very well 
known to Geometricians ; therefore the Curve 


ACX is a Logarithmic Curve, whoſe Aſymp- 


tote is the Right Line BZ. Whence by Prob. 3. 
Append. 3. of Barrow's Twelfth Geometrical Le- 
cture, (if CG, at cg be drawn parallel to BZ 
and meets with A B, and G g,) BG, or CD 
is in the ſame Order between BA and By or de 
a Geometrical Mean proportional, as BD is an 
Arithmetical Mean between Bd and Nothing; 
therefore the o (or Nothing) BD and Bd are 
as the Logarithms of the Right Lines BA, DC, + 


and dc reſpectively. Therefore B D, Bd, BA, 
and DC being given, it will be eaſy to find c4, 
which, as has been already ſnewn, repreſents 
the Nl d, of Air compreſs'd as much as it 
is at the Surface of the Earth, which in the 
Height 
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Height Bd above the Earth will expand itſelf 
into a Space equal to BA; that is, making 
D ͤ to 4B as the Differences of Logarithms of 
"AB and CD to another, this will be the Diffé- 
tence of the Logarithms of AE and d. And 
therefore the Logarithm of A being given, the 
the Logarithm of c 4, _ therefore cd nk 

| will be known. 

i Let AB be 33 Foot Jong; thiat is, of ah "the 
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'B equal to a Column of Air of the fame 'Thick- 
' neſs, extended from the Surface of the Earth up 
to the Top of the Atmoſphere : And as the Air 
near the Surface of the Earth takes up a Space 
nearly 850 'Times greater than Water of the 
fame Weight, as innumerable Experiments ſhew ; 
a Column of Air, 856 Foot high, is of the ſame 
Weight with a Column of Water of equal 'Thick- 
neſs and one Foot high. If therefore we were to 
riſe 850 Feet above the Stirface of the Earth, 
the Column of Air, preſſing upon any Place at 
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[ 5 that Height, is equal in Weight to 4 Column df 
1 Water 05 the ſame Thickneſs and 32 Foot high: 

. If therefore BO be taken 850 Feet, DC will be 
1 32 Feet: For AB, CD, D, &c. will ſhew the 


quor it is filPd) in the Places B;D and d; for they 
are reſpectively proportional to the W eights of 
the incumbent Air. Therefore to find out d e 
from the Premiſes, ſuppoſing Bd to be equal to 
the Semidiameter of the Earth, that is, in a round 
Number equal to 20000000 Feet, (for accord- 
ing to ſome late Experiments made in France, 
its Meaſure is 19615800,) let the Operation be 
| perform'd by the Rule of Proportion; finding a 
1 fourth proportional to D B 850, 4 B 20000000, 

1 and the Difference of the Logarithms of AB, 

1 | CD taken 
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CD, taken out of the Tables, that is, o, 133639, 
which will be 314, 00,00000, namely, the Diffe- 
rence of the Logarithms of AB and cd, which 
being taken from 1, 5185139, the Logarithm of 
AB firſt taken from the Tables, and there will 
remain the Logarithm of CD, which is —312, 
0000000, whole Characteriſtic (as they call it) 
is —312., Moreover, from the Nature of Loga- 


at rithms, the Number of the 'Tables, whoſe firſt 


Place is Unity, has Nothing for the Characte- 
riſtic of its Logarithm ; but the Number whoſe 
firſt Place is 2, or the ſecond of Integers, has 


One for the Characteriſtic of ,its Logarithm ; 


that, whoſe Firſt Place is the Third of the Inte- 
gers, has Two for its Characteriſtic, and ſo on 
aſcending ; and likewiſe the Characteriſtic of a 
Number whoſe firſt Place is the next below One 
in a decimal Progreſſion, or the firſt Place of De- 


cimals is—1, and ſo on in ending : Whence, 


converſly, from the Characteriſtic of the Loga- 
rithm, you may know the Place of the firſt Place 
of the Number, or of how many Places the Num- 
ber is; and hence the Number, the Characteriſtic 
of whoſe Logarithm is—312, is the firſt Place 
in the 312" Place of Decimals ; therefore the 
Bans 1.290 cd is denoted by a Number whoſe 

firſt Place is the 312" of Decimals. | 
Then, taking away the Calculation, it is plain 
that a Portion of our Air, denoted by a Num- 
ber whoſe firſt Place is the 312" of Decimals, 
at the Height of the Semidiameter of the 
Earth expands, it ſelf to a Magnitude which is 
denoted by 33 ; that is, the Space, taken up by 
our Air, is to the Space that it wou'd fill up, if 
it was as rare as it wou'd be at the Diſtance of 
the Semidiameter of the Earth, as the Number 
one to a Number expreſs'd by the two Ternaries 
Qqq with 
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with 312 Cyphers annex' d. But this Ratio is vaſt- * 
ly leſs than that which (according to Ariftarchus) ; 1 
a ſmall Grain of Sand has to the Sphere of the 5 * 
| Fix'd Stars, as Archimedes has demonſtrated it | 8 
Þþ | in his Arenarium; namely, greater than the Ra- 


i tio which One has to a Number whoſe Notation tec 
i is Unity with 63 Cyphers annex'd: But we it 
[| ſhall preſently ſhew, that the ſaid Ratio is much = © 
1 leſs than that, which is between a Globe of an i 
4 Inch Diameter and the Orb of Saturn, much 2 
1 more nearly computed, than the Sphere of the g 
4 Fix'd Stars was by Ariſtarchus. 1 
5 The Semidiameter of the Earth is, as was ſaid = 
1 before, in a round Number 20000000 Feet: | 
1 Now if the Sun's Parallax be 10”: (which is the = - 
F leaſt that Aſtronomers have hitherto attributed + 
|| to it) whoſe Right Sine is 485 Parts, ſuppoſing = 
1 the Radius to be 10000000 ; the Semidiameter pl; 
3 of the Magnus Orbis will be 500000000000 th 
= Feet, that is, to the Semidiameter of the Earth, Pe 
= as the Radius to the Sine of the Sun's Parallax ; tw 
1 and therefore the Semidiameter of the Orb of tat 
. Saturn (by Prop. 41. B. III. ſcarce ten times as it. 
| [ great) will be 5000000000000 Feet, and its Di- T:. 
4 ameter I0000000000000, or I20000000000000 
= Inches. Wherefore the Sphere of Saturn is to a be! 
= Globe of an Inch Diameter. as the Cube of the thi 
= foregoing Number, or 1128 with 39 Cyphers to Co 
„ Unity, or in a round Number, and, at moſt, as loc 
4 2 Number expreſs'd by 2 and 42 Cyphers is to Pat 
F One, or Unity. Therefore, ſince a Globe of an is C 
FL Inch Diameter has a much greater Ratio to the fide 
'F Sphere of Saturn, than to the Sphere, which Air, a P 
'F like our Air, wou'd fill, if it ſhou'd become as wil 
F rare as the Air at the Height of a Semidiameter Wa 
3 of the Earth above the Earth, it is plain that reff 


that Globe of Air, whoſe Diameter is one Inch, ra 
ä e when 


_ which is the true Opinion. 
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when it comes to be as rare as it wou'd be at the 
Diſtance of a Semidiameter of the Earth from it, 
wou'd fill all the Planetary Regions as far as the 
Sphere of Saturn, and much farther. Q. E. D. 
If the Gravity towards the Earth be ſuppos'd 
to diminiſh as you recede from the Center, as 
it really does; it is plain that ſuch a Globe of 
our Ait of an Inch Diameter, as we have men- 
tion'd, at the Height of a Semidiameter of the 
Earth above the Earth, wou'd yet take up a 
greater Space. 1 1 4% 
PROCPDOSITTON IV. 


PO explain the Opinions of Philoſophers con- 
= cerning the Tails of Comets, and confirm that 


"8. | 


That a Comet's Tail depends upon the Sun is 
plain from hence; that it is always turn'd from 
the Sun, which was firſt of all diſcover'd by 
Peter Apian, in the Comets which appear'd be- 
tween the Yeats 1530 and 1540, tho' Regiomon- 
tanus, 60 Years before, became almoſt certain of 
it. As for the Opinion, about the Manner of the 
Tail's being caus'd by the Sun, it is threefold. 

Firſt, Apian, Cardan, Tycho, Snell, and others, 
believe, that the Sun's Rays being propagated 
thro* the tranſparent Head; or Body, of the 
Comet, are reffacted as in a Lens of Glaſs, and 
look like a Beam behind the Comet, or in'thoſe 
Parts which are turn'd from the Sun. But this 
is contrary to the Laws of Dioptrics: For, be- 
ſides the Figure of it not anſwering to this, ſuch 
a Brightneſs, propagated thro' the pure Æther, 


will not be perceiv'd by an Eye poſited ſide- 


ways; it is requiſite that there ſnou'd be ſome 
reflecting Subſtance in thoſe Places, where the 
Tail is to make that Brightneſs ſenſible, after 
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the ſame Manner that there muſt be Particles of 
Duſt, or Smoke, flying about in a dark Room, 
that ſuch a Brightneſs may be ſeen by an Eye 
that looks upon a Sun-beam let into the Room, 
the ſaid Eye not being in the Way of the Beam; 
and by how much more groſs and denſe the Par- 
ticles are that fly about in the Medium, by ſo 
much will the Beam be brighter, and ſo on the 
contrary. From this there ought to be a more 
groſs Matter in the Region of the Tail, than any 
where elſe in the Ether about the Tail, other- 
wiſe the whole Sky round about wou'd be en- 
lighten'd, and ſhine as much as the Tail; and 
therefore the Tail of a Comet does not proceed 
from the Sun's Rays propagated thro” the tran{- 
parent Body of the Comet. And therefore this 


Argument will be of as much Force, whether 


the Rays be ſuppos'd refracted in the Head of a 
Comet and the Atmoſphere abour it, or in the 
Atmoſphere only, the opaque Head hindering 
the Tranſmiſſion of the Rays, as Hevelius ob- 


ſerv*d in the Comet of 1665, which had a Shadow; 


and the ſame Author ſays, in his Cometography, 
B. VIII. that ſeveral other Comets have been ob- 
ſerv'd. to caſt a Shadow But the famous Dr. 
Hook denies ſuch a Shadow, and affirms a Co- 
met to ſhine brighter in that Place where the 
Shadow, if thexe was any, ought to appear. 
The ſecond Opinion, is of Carteſius and his 
Followers, who wou'd have the Tail of a Co- 
met to be owing to the Refraction of the Light 


from its Head to the Eye of the Spectator. If 


this was true, the Rays of the Fix'd Stars, and 
of the Planets, which are prapagated thro' the 
fame Mediums, wou'd not reach our Eyes ſo 
free from Refraction, as they appear by Obſer- 


vation; neither wou'd the Tails of Comets be ſo 


free 


their twinkling ceaſes. 


fute; among which is this of Mr. 7 
nouilli, in the before quoted Sy/tem of Comets. 
For he conceives the Sun to be, in the Middle of 
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free from the Colour of the Rain-bow, which al- 


ways accompany refracted Light. Neither does 
Carteſius take off thoſe Difficulties, when he ſays 


in the 139th Paragraph of the third Book of his 


Principles, that the twinkling of the Fix'd Stars 
is owing to this, that their Tails wou'd be long- 
er if the Light was greater; for when we make 
uſe of Telefcopes, which encreaſe their Light, 
Beſides, ſeveral of the 
Planets, as Saturn, Jupiter and Venus, whoſe 
apparent Diameters are equal to, or even ſurpaſs 
the Diameters of the Comets that ſend out pretty 
long Tails, and which have more Light than 
thoſe Comets that ſend out no Tails, have no 
Tails; and the Light of the Heads of thoſe Co- 
mets, that have the greateſt 'Tails, is often very 
ſmall and dull. If either the Fix'd Stars (or even 
the Planets) as Ariſtotle ſays in his Diſcourſe on 


Meteors, have ſometimes appear'd Hairy to the 


Agyptians, this does not happen to them as it 
does to Comets, but is rather to be aſcrib'd to an 
accidental Refract ion of a Cloud, ſuch an one as 
that to which Carteſius aſcrib'd the Hairineſs ob- 
ſerv'd by Ariftotle himſelf about the Fix'd Star in 
the Dog's Thigh. Laſtly, If the Tail of a Comet 
did ariſe from the Refraction of the Caleſtial 


Medium, it would in the fame Regions of the 


Heavens always go towards the ſame Parts ; 


which yet does not happen, but is according to 


the Sun's Situation thrown towards different 
Parts, as has been ſaid. 

There are alfo other Opinions concerning the 
Tails of Comets to be met with in ſeveral Au- 
thors, which we fhall not here take Time to con- 
ames Ber- 


Qqq 3 | its 
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715 Vortex, as a great Fire kindled in its Hearth, 1 P 
Ey whoſe Heat the Planets round about are Warm- = 
ed, whence it happens, that a great Quantity of ; 
very ſubtile Exhalations comes out of the Planets py 8 
every Way, and even from the Sun itſelf, ans 
from the very rapid Motion of the Solar Vortex, RF 0 
They are carried upwards towards the Circumfe= RK 
rence ; to which Place, when theſe Effluvia are 
come, they are ſtopp'd and repelld by the Reſiſt- 
ance of the neighbouring Vortices, ſo that they gan 
go no farther. Hence, becauſe they have a near 
Addition of Matter, they are by degrees condens'd, 
and fich to the Secondary Planets of that inviſh 7— 
tle Primary one which is above Saturn (of which 
<e ſpoke in Prop. 2.) when they come near the 
Circumference of the Solar Vortex; juft as when 
a Pot of Fleſh hangs over a Culinary Fire, the 
Soak and Steam, rifing up the Chimney from the 
Wood and Fleſh, flicks to the Beams, and what- 
ever ſolid Subſtance it meets in its Way, ſo as to 
make Soot : Thus, he ſays, the viſcous Exhala- 
tions ſtick to the Planets, and encompaſs them to 
a conſiderable Thickneſs ; whence it happens that 
he Extremity of the Nucleus of a Comet, or its 
Limb, is commonly very irregularly terminated, 
and rough, as if it had Soot upon it. Then in the 
Progreſs of the Satellite, as it revolves about its 
Primary Planet, from Time to T; ime, new Ex- 
balations, (but thinner than thoſe, which immedi- 
- ately encompaſs it, which can't be ſo ſtrongly con- 
dens'd for Want of a ſolid Foundation) ſtic to it, 
and extending themſelves every Way round about 
it, not in the Manner of a Globe, but like a broad 
Diſc, one of whoſe Planes remains turn d to the 
Sun, and the Rays of the Sun make Right-angles 
with the Diſc, whence (as he ſays) the Reaſon 
is plain, why the Tail always points towards the 
| Par ts 
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Parts oppoſite to the Sum; for tho* the whole Diſc 
at ence be enlighten'd by the Sun, yet uo Part of 
the Diſc but that which in reſpect of us is on this 
Side of the Nucleus, and in the ſame Plane with 
us and the Sun, reflects Rays to our Eyes, the 


others being reflected the contrary May, and on 


the other Side of a Comet. | | 
The moſt obvious Opinion to any one that 
Jooks at a Comet is, that the Tail has its Origin 
from the Head. And this is the Opinion of the 
moſt ancient Philoſophers, and of Ariſtotle him- 
ſelf, who ſaid that the Tail was a very thin Va- 
pour ariſing from the Head, but he ſuppos'd it 
to be on Fire. The moſt penetrating Dr. Hook, 
from the Obſervation of Comets, contriv'd the 
following Manner of explaining the Nature of a 
Comet and its Tail, upon Account of the Come? 
which appear'd at London in 1678. He ſuppo- 
ſes a Comet to ariſe from a Planet, whoſe Gra- 
vity towards the Center, about which it revolv'd 
before, is deſtroy'd by a certain inteſtine Moti- 
on of the Parts (by which the Body is ſet on 
Fire and appears in a Flame) and which there- 
fore is gone out of its Place, moving in a Tan- 
gent to that Point of its Orbit in which it was, 
when its ſaid Change was perfected. Whence 
carried thro* the Æther in a Right Line (except 
ſo much as that Line is bent upon Account of the 


Matter of the Comet towards its Center) which 


not being yet fully chang'd is a little incurvated 
towards the Sun; the Planet, thus chang'd, has 
its Parts diſſolv'd by the Æther and chang'd into 
it, as Salt is diſſolv'd by Water, or any thing 
elſe by a proper Menſtruum. Moreover, the out- 
er Parts, ſo chang'd, have not only loſt their Gra- 
vity, but are become light in reſpect of the Sun, 
that is, fly from it. Whence as they are abſorb'd 
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in Ether and carried upwards, and at the ſame | 


time fly from the Sun, theſe igneous Particles 
look like innumerable Projectiſes going every 
Way directly from the Nucleus of the Comet, 
and tending towards a diſtant Point oppoſite to 
the Sun; therefore (by what has been demon- 
ſtrated by Torricelli in the 3oth Prop. B. II. of 
the Motion of Projectiles) they have the Figure 
of a Parabolic Conoid, whoſe Axis is in a Right 
Line joining the Sun and a Comet, having the 
Center of the Nucleus for the Focus of the gene- 


rating Parabola : Therefore the Tail of the Co- 


met will put on ſuch a Shape. But fince the hea- 
vy Bodies that we can come at do not intend or 
remit, that is, increaſe or diminiſh their Gravi- 
ty, but their Gravity is proportionable to their 
Quantity of Matter, whatever inteſtine Motion 
the ſaid Matter has, we muſt not admit a Loſs of 
Gravity or Acquiſition of Levity in other Bodies. 
They that will not allow the Tail to be on 
Fire, and think that to produce the Phænome- 
non, it is enough for the Vapour that goes from 


the Comet to be enlighten'd by the Sun, and by 


reflecting the Rays of the Sun from its Particles, 
to make that Part of the Æther which they take 
up more enlighten d than the reſt of the ther, 


which, tho” it receives the Light, cannot reflect 


them, as wanting a reflecting Subſtance, are ob- 
lig d to find out the Reaſon, why the Vapour 
or reflecting Exhalation goes only on that Side 
which is turn'd from the Sun. Kepler explains 
the thing thus: © The fat and groſs Matter of 
© the Comet being gather'd into an Orb, from 
© the Nature of all hings which are united, and 
© the Sun ſtriking with direct Rays and pene- 
c trating this Globe, he imagines that ſome of the 


« inmoſt Matter of the Comet follows, and goes 


out 


» 
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$ out the ſame Way as the Sun's Rays go, and 
© therefore by that Means the Body of the Co- 
© met has Parts of it rubb'd, waſh'd, or ftrain'd 
© off, and thus there is a Quantity of Matter ga- 
© ther'd together on that Side of the Comet 
© which is turn'd from the Sun, that reflects the 
6 Sun's Rays, and has the Appearance of a Tail. 

ames Gregory in ſome phyſical Things ſub- 


er to his Univerſ. Parts of Mathemat. will 


ave a Comet to be a Kind of humid Body emitting 
its proper Vapours, always wandring about the 
Aither, and retaining almoſt the ſame Situation 
in reſpect to the Sun; which is alſo the Opinion 
of Hevelius in his Cometography, pag. 430. who 
thinks the Tail produc'd much after the fame 
Manner: Namely, That the thinneſt Parts of the 
Atmoſpherg of a Comet are rarified by the Force 
of the Heat, and from the fore Part and each Side 
of the Comet are driven towards the Parts 
zurn'd from the Sun, And then, according to 
James Gregory's Opinion, the Half of the Comet 
which is turn'd from the Sun, and never warm'd 
or enlighten'd by it, has very groſs and very o- 


paque Vapours, which being continually ſupplied or 


fed with the vapour-like Matter of the Comet, and 
10 way liſſolv d (by reaſon of the weak and ob- 
ligque Light of the Sun) grow to an immenſe 
Height, and every Way reflect the Sun's Rays, 
which are not ſtrong enough to expel the Exhala- 


ions. 


The incomparable Sir 1/aac Newton believes 
alſo, That the Tail of a Comet is nothing elſe but 
a very thin Vapour, which the Head, or Nucleus 


_ bf the Comet, ſends out, by reaſon of its Heat. 


When a Comet deſcends to its Perihelium, the 
great Quantity of Vapours which encompaſs'd 
it when it was in thoſe Regions which were — 

| | 3 moit 
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moſt remote from the Sun,. and therefore the 
coldeſt, being rarified by the Sun's Heat aſcend ; 
that is, go towards thoſe Parts which are turn'd 
from the Sun: For all the Particles in a Medium 
extended far beyond Saturn, (namely the Xthe- 
rial Aura) gravitate towards the Sun. 'This Au- 
ra heated by the warm Particles of the Vapour, 
which mixes with it, becomes rarer, and there- 
fore lighter, than the reſt of the ambient Aura, 
and for that Reaſon, being driven by it, riſes 
upwards, and takes with it the reflecting Parti- 
cles of which the Tail is made up ; much after 
the Manner that Smoak riſes up a Chimney by 
the Impulſe of the Air, which, being rarified by 
Heat, carries up the Particles of the Smoak 
which are entangled with it. But becauſe be- 
yond the Atmoſphere of the Comet the æthereal 
Aura is very rare and next to nothing, or a Va- 
cuum, therefore I ſhall attribute ſomething to 
the Action of the Rays of the Sun, carrying a- 
long with it the Particles of the Atmoſphere of 
a Comet, tho' Kepler is not of this Opinion; and 
altho* I believe, that (beſides the Impetus ac- 
quir'd in the firſt Aſcent of theVapour) the chief 


and moſt effectual Cauſe of the Aſcent of the Va- 


pour, which makes the Tail, is the Rarity above 
deſcrib'd of the #thereal Aura, by Joy Fi of 
the Particles which ariſe duly from the Comet 
in the Neighbourhood of the Sun, where the Au- 
ra about the Tail is denſer and heavier. And 
when the 'Tail, lifted upwards, does, like the 
Nucleus, gravitate towards the Sun after the 
Manner of another Projectile in a Conick Secti- 
on, and accompanies the Comet in diſtant Re- 
gions till it is diſſipated by degrees. 
Tho' the Tails of ſome Comets, being im- 
menſely extended, ſeem to require a greatQuan- 
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tity of Matter to produce them, Experience 
ſhews us into what a prodigious Heap of Smoak a 
ſmall Piece of Wood or Pit-coal is converted, and 
from the foregoing Lemma, it is plain how ſmall 
a Portion of our Air may be diffuſed into im- 
menſe Spaces by its elaſtic Force. And tho' the 
Tails are not of ſo rare a Texture, yet thatthey 
are extremely rare, in reſpect of Bodies about us, 
is plain from hence, vx. that the leaſt Stars ſhine 
thro* thoſe immenſly deep Tails notwithſtanding 
they are enlighten'd by the Sun's Rays, when at 


9 the ſame Tine our Terreſtrial Atmoſphere, whoſe 


Depth is vaſtly leſs,makes even the brighteſtStars 
inſenſible when it is enlighten'd: Neither are lu- 
cid Things ſeen more eaſily thro' a denſe Body, 
when it is fartheſt remov'd from the Eye, than 
when it is neareſt to it, but rather with more 
Difficulty, as daily Experience ſhews us. 

” CORO EL AKT » 

Since the Tail of a Comet is rais'd from its 
Head and the Atmoſphere about it, by the Heat 
of the Sun, it follows that it increaſes as the Co- 
met comes to its Perihelium, and again, that it is 
diminiſh'd in its Receſs from the Sun; therefore it 
will be the greateſt and brighteſt immediately af- 
ter the Comet has ſuſtain'd a great Degree of 
Heat in its Perihelium, and is juſt got off from 
the Neighbourhood of the Sun. But alſo the At- 


moſphere of the Comet (which ſupplies the Tail 


with moſt of its Matter) is diminiſhed as the Tail 
encreaſes, and becomes narrower towards the 
Sun; and therefore cæteris paribus, (together 
with the Comet itſelf, the greater Part of which 
it appears to the naked Eye to make up) it ap- 
pears leaſt immediately after the Comet has paſs d 
the Perihelium, where ſometimes it appears co- 


ver'd with a thick and black Smoak, the Atten- 


dant of a vehement Hear, COROL- 
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COROLLARY 2. 


Hence alſo it follows, that if the Tail of a Co- 
met ſnhouꝰd touch the Atmoſphere of our Earth, 
(or if a Part of this Matter ſcatter d and diffus'd 
about the Heavens ſhou'd fall into it) the Ex- 
halations of it mix d with our Atmoſphere (one 
Fluid with another) may cauſe very fenſible 
Changes in our Air, eſpecially in Animals and 
Vegetables: For Vapours, as they call em, 
brought from ſtrange and diſtant Regions, and 
excited by a very intenſe Heat, may be preju- 
dicial to the Inhabitants or Products of the Earth; 
wherefore thoſe things which have been obſerv'd 
by all Nations, and in all Ages, to follow the 
Apparition of Comets, may happen; and it is a 
thing unworthy a Philoſopher to look upon 
them as falſe and ridiculous. nada 


ORO. 

The Tail riſing like a Vapour directly upwards 
from a Comet and its Atſmoſphere, that is to- 
wards thoſe Parts turn'd from the Sun, will re- 
main in the Plane of the Orbit of a Comet, (that 
is, a Plane drawn thro' the Sun and the Track 
of a Comet) becauſe there is no Reaſon, why in 
the quiet Æther it ſhou'd be ſo diſturb'd, as to 
be carried more on one Side than another. 
Moreover, fince the Vapour going from the 
Head joins two Motions, and afterwards con- 
tinues to go on with that Motjon, compounded 
of the Motion of a ftreight Aſcent, not far from 
the Sun, and of the Motion of the Progreſſion of 


the Head; the Tail won't be directly turn'd from 


the Sun, but a little declining from it towards 
thoſe Parts left by the Comet; nay, the Tail 


will not be ſtreight, but bent, being convex to- 


wards 


= 
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wards the fore Part, and concave towards the 
back Part. And tho' the riſing Vapour partakes 
of the Motion of the Head, yet by reaſon of 


| ſome Reſiſtance of the Æther, it will not go on 
ſo faſt as the Head. And by how much higher 


the Vapour riſes which makes up the 'Tail, that 
is, by how much longer the Tail is, by ſo much 
more will it be reſiſted by the Ether; whence 
the fore Side of the Tail, or the Side towards the 
Parts where the Comet is to go, will be convex, 
but the following one concave, and therefore the 
Tail of the Comet itſelf will not be preciſely 
turn'd from the Sun, and even not ſtreight, but 
bent. And this Deviation from the.Sun's Op- 
poſition is fo much the lefs, as the Right Line 
Joining the Sun and a Comet is more oblique to 
the Track of a Comet: For if a Comet ſhou'd 
go directly towards, or from the Sun, the Tail 
wou'd be directly turn'> from the Sun and 
{treight ; whence it happens, that in the very 
Perihelium the Tail very much deflects from the 


Sun's Oppoſition,. and is alſo very curve, be- 


cauſe a Right Line joining the Sun and the Co- 
met will then be perpendicular to its Orbit. But 
by reaſon of the faid Refiſtance of the Ether, 
however ſmall, the convex Part of the Tail, 
(that is, the Part that runs into the Æther) will 
be ſomerhing thicker, and conſequently will ap- 
pear brighter and better terminated than the con- 
cave one, by which the Parts reflecting the Light, 
being as it were left, are diffus'd about the .- 
ther. Moreover, this Deviation of the Tail, and 
Incurvation from the Sun's Oppoſition, will, 
cateris paribus, be greater, for both the afore- 
faid Cauſes, when the Comet's Orbit is moſt 
curve: For that the Tail might be conſtantly 
turn'd from the Sun in ſuch a Caſe, its Extre- 


auty 
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mity ſhou'd deſcribe a Circumference greater 
than, and exterior to, that deſcrib'd by the Head, 


which it cou'd not do by the Motion which it 


receives from the Head, tho? there ſhou'd be no 
Reſiſtance of the Æther to diminiſh it. 'There- 
fore the Extremity of the Tail which is the moſt 
remote from the Comet, becauſe it does not de- 
ſcribe that greater Circumference in ſo ſhort a 
Time; as the Head does the leſſer, (and that for 
the two Reaſons that we mention'd) will in this 
Caſe be more curye. Burt as this happens to a 
Comet at its Perihelium, where the Tail, which 
before was lifted up, almoſt vaniſhes, and the 
Vapour, which now riſes directly up, chiefly 
makes up the Tail; for that Reaſon the Curvity 
will not be ſo ſenfible. | 
COR CH ALARE-46:: 

The Figure of the Tail, which we have de- 
ſcrib'd in the foregoing Corollary, is that into 
which the Tail is really extended from the Head 
of the Comet ; notwithſtanding which, if the 
Earth, and the Spectator together, be in the 
. Plane of the Comet's Orbit, the Curvity of the 
Tail will not be perteiv'd at all, becauſe it is 
all in that Plane: And either the whole Tail 
will diſappear when the Head is between the 


Eye and the Tail, or if the Head be leſs and 


the Tail broader towards the other End, the 
Comet will appear Hairy, that is, encompaſs'd 
round with the Appearance of Hairs, (and ei- 
ther of theſe may happen when the Sun and 
the Comet. are in Oppoſition) or laſtly, the Tail 
will preciſely appear to be in Oppoſition with 
the Sun. But if the Spectator be out of the 
Plane of the Comet's Orbit, the Curvity of the 
Tail will be perceivable; and will be fo 
wile? much 


O 
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much the more ſenſible, as a Right Line, drawn 


Let AB CG be a Sphere concentric to the Sun, 


from the Earth to the Tail of the Comet, be- 
comes more perpendicular, or nearer to a Per- 
pendicular to the Orbit of the Comet (and 
conſequently to the Orbit of the Tail) and all 


the Symptoms or Signs of the Curvature of the 


Tail, deſcrib'd in the following Corollary, will 
become more ſenſible. And theſe are the ſertled 
and conſtant Changes of the Tail of a Comet : 
For, as to the uncertain and ſudden ones which 


Authors mention, they ſeem to have had their 


Riſe from the Vapours of our Atmoſphere, 


which, by an accidental Refraction, ſeemingly 


alter'd the Figure of the Tail ; or from the Mo- 
tion of the Clouds darkening ſome Parts of the 
Tail; or from ſome neighbouring Stars, or a 
Heap of them; or the milky Way, ſometimes 
taken for Part of the Tail. 2 


PrxoPOSITEON M 

IſORE Comets are ſeen in the Hemiſphere to- 

wards the Sun, than in that which is oppo- 
fate to it. | Fig. III. | 

Let & denote the Sun, T the Earth; and the 
Circle DE FH deſcrib'd about the Center , 
the Sphere of the Fix'd Stars, or rather that 
which bounds the Sight. Becauſe Comets ſhine 
by the reflected Sight of the Sun, they will not 
be ſeen before they are ſo enlighten'd by the 
Sun, as to be able to affect our Eyes by that 
Light: And beſides, as Comets are very conſpi- 
cuous, upon Account of their Tails, and do not 
emit them till they are ſomewhat heated by the 
Sun ; it is plain, that to have either the Comet, 
or its Tail, viſible, it is neceſſary for the Comet 
to come within a defin'd Diſtance of the Sun. 


de- 
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deſcrib'd at the ſaid Diſtance from it; namely; 


ſuch an one, that no Comet, for Want of being, 
enlighten'd; ſhall appear, before it comes with- 


in the Surface of that Sphere; having join'd & 
and 7, produce the Line ST every Way, till it 
meets with the ſaid Surface in A and C. 'Thro' 
T draw the Plane HF, to which AC is perpen- 
dicular, then it will divide the Sphere DEFH 


into two Hemiſpheres, one of which, HFE, is 


towards the Sun, and HD E oppoſite to the Sun. 
All the Comets which are in the Segment of 
the Sphere B CG, will appear in the Hemiſphere 
towards the Sun; but all thoſe which are in the 
Segment BAG will appear in the Hemiſphere 
oppoſite to the Sun. But it is plain that the 
Segment BCG is greater than BAG, becauſe 
the Center of the Sphere is in it; therefore 
more Comets will be ſeen in the Hemiſphere to- 
wards the Sun, than in that which is oppoſite 


10 i. . J. 


And more of them will be firſt ſeen, or diſco- 
ver'd in the Hemiſphere towards the Sun, than 
in the other, becauſe the Part BCG of the Sur- 
face of the Sphere is greater than the remaining 
Part BAG; but they are ſuppos' d to be diſco- 
ver'd as ſoon as they touch that Surface. 


SCHOLIUM. 


By how much leſs the Sphere AB C is ſup- 
pos'd, that is, by how much nearer a Comer 
muſt be to the Sun before it becomes viſible, by 
ſo much does the Number of the Comets, ſeen 
in the Hemiſphere towards the Sun, exceed the 
Number of thoſe which appear in the oppoſite 
Hemiſphere ; becauſe the Segment BC does ſo 
much exceed the Segment AGA. And for that 
Reaſon the Number of thoſe which are firſt 5 
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cover'dg is greater in the former than in the 
latter. e „ 

If ABCC be ſuppos'd to be a little leſs than 
the Sphere of Jupiter, or if the Comets are not 
viſible before they come nearer to the Sun than 
Jupiter; that is, if & A be ſuppos d five times 
longer than S (for the Diſtance of Jupiter 
from the Sun is more than five times the Di- 
ſtance of the Earth from it,) the Segment BCG 


will be always twice the Segment BA, and 


therefore almoſt twice as many Comets will be 
ſeen in the Hemiſphere towards the Sun, than 
in the oppoſite Hemiſphere : But the Surface 
BCG is only once and a half the Surface BAG, 
and therefore half as many more will be firſt diſ- 
cover'd in that than in this. If the Sphere ABCG 
be leſs, as for Example, if SA be once and a 
half the Diſtance of Mars from the Sun, four 
times more Comets (and a greater Number) will 
be ſeen in the Hemiſphere towards the Sun, than 
in the oppoſite one ; but the Number of thoſe, 


which are firſt diſcover'd in the former, will be 
three times greater than the Number of thoſe diſ- 


cover'd in the latter. We are to take Notice, that 
from this Number we muſt take thoſe which 
cannot be ſeen, by reaſon of their too great 
Nearneſs to the Sun ; and on the other Hand, 
thoſe, which are not too near Sun, are better 
ſeen in the Hemiſphere towards the Sun, than 
thoſe which are in the oppoſite Hemiſphere, be- 
cauſe they are more ſtrongly enlighten'd. | 


| PrxoPOSITION VI, | 
TO make an Eſtimate of a Comet's Diſtance 
from the Sun, by comparing the Light of a 
Comet with the Light of a Planet. 
Since 4 Comet has no diurngl Parallax, and 
Rrr no 
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no Obſervations depending upon it can make its 


Diſtance known, we may make an Eſtimate of 


it, by comparing the Light of a Comet with that 
of a Planet. And becauſe (by Prop. 57. B. III.) 
the enlightening of the Comet (or the Strength 
of its Light) and different Diſtances from the Sun, 
are in a duplicate reciprocal Ratio of the ſaid 
Diſtances, and therefore (for Reaſons alledg'd 
in the ſaid Prop.) by how much more remov'd 
the lucid Body is, by ſo much fewer Rays, com- 
ing from. it, enter the Pupil of the Eye, and that 
in a duplicate Ratio of the encreas'd Diſtance, 


or in a duplicate Ratio of its diminiſh'd apparent 


Diameter; that is, the Brightneſs of equal lu- 
cid Bodies are in a duplicate Ratio of their ap- 
parent Diameters; therefore (in this leſs accu- 
rate Way of making an Eſtimate, by abſtracting 
from the different real Magnitude of the Pla- 
net and Comet) the Light of a Comet is to 
the Light of a Planet in a Ratio made up of 
the duplicate eo e, the apparent Diameter 
of a Comet, to the apparent Diameter of a 
Planet, and the duplicate Ratio of the Diſtance 
of a Planet from the Sun, to the Diſtance of a 


Comet from it: And therefore the Square of 


the Diſtance of a Comet from the Sun, is to the 
Square of the Diſtance of a Planet from it, in a 


Ratio compounded of the duplicate Ratio of the 


apparent Diameter of the Comet, to the appa- 
rent Diameter of the Planet, and a Ratio of the 
Light or Brightneſs of the Planet, to the Light 
of the Comet. Whence the Diſtance of a Co- 
met from the Sun, is to the Diſtance of a Pla- 
net from it, in a Ratio compounded of the Ra- 
tio of the apparent Diameter of a Comet, to 
the apparent Diameter of the Planet, and a ſub- 
duplicate Ratio of the Light of the Planet -o 
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the Light of the Comet. But each compound- 
ing Ratio is given by Obſervation ; therefore the 
compound Ratio is given, namely, that between 
the Diſtances of a Comet and a given Planet 
from the Sun. And from Prop. 45. B. III. we 
have the Diſtance of a Planet from the Sun; and 
therefore we ſhall alſo have the Diſtance of a 
Comet from the Sun. Jy | | 

By reaſon of the thick Smoak and the Atmo- 
ſphere itſelf of the Comet, which darkens its 
Nucleus, the Nucleus (or ſolid Body of the Co- 
met which we mean here) does not appear ſo 
bright; and therefore its Diſtance from the Sun, 
found after the above-mention'd Manner, muft 
be diminiſh'd to become true. 12 


SECT 15 N II. 


To determine, ver nearly, the Way and 
apparent Place of a Comer. 


Hs premis'd ſome phyſical Conſidera- 
11 tions concerning Comets and their Tails, 
we ſhall go on to determine their Orbits by 
Obſervation, which is the chief Deſign of this 
Sth Book. And firſt we ſhall ſhew how, (by the 
Method of that penetrating Aſtronomer, Mr. 
Caſſini, from ſome Obſervations' made at the 
Beginning of the Appearance of any Comet) 
the Way which. it ſhall afterwards go among the 
Fix'd Stars, and the Places which it will be in 
every Day, may nearly be determin'd: Not that 
we would have thoſe be look d upon as accurate, 
but that from thence it may be foretold in what 
Place a Comet muſt be look'd for at a given 


— 
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Time; whether or no it will in a little Time be 
hid under the Sun's Rays, when it will be near- 
eſt to the Earth, and move ſwifteſt, and other 
things referring to this. 


PRO POSITION VII. 


| N Nowing, by Obſervation, Two Places of a Co- 

YE met ſeen from the Earth: To detern.ine its 
Way among the Fix d Stars; that is, its Node 
and Inclination to the Ecliptic. | Fig. IV. 

Let CE repreſent the Ecliptic, and let B and 
D be two Flaces of a Comet, found by Obſer- 
vation. Let a great Circle be ſuppos'd to be 
drawn thro' B and D, cutting the Ecliptic at A, 
which, by what has been ſhewn in Prop. 10. B. I. 
will be the Way of a Comet, whoſe Situation, 
in reſpect of the Ecliptic, is thus determin'd: 
Thro' B and D draw the Circles of Latitude, 
BC and DE, and alſo the great Circle DC. In 
the Spherical Triangle DQE, rectangular at E, 
you have given the Sides & E and ED, this be- 
ing the Comet's Latitude when at D, and that 
the Difference of Longitude of the Places of 
the Comet Band D; therefore the Side D'C will 


be found. Again, in the Triangle. D BC, you 


have all the Sides given; namely, DC lately 
found, and BC the Latitude of B, the Place ob- 
ſerv'd, and BD the obſerv'd Diſtance of the Pla- 
ces; and therefore the Angle CBD will be 
known, and therefore its Complement CBA. 
Laſtly, in the Triangle B AC you have, befides 
the Right Angle at C, the Side BC, and the 
Angle ABC; therefore the Side C 4, and the 
Angle at A will be known, the Angle being the 
Inclination of the Comet's Way to the Ecliptic, 
and the Side, the Interval of the Node, and 
the known Point C in the Ecliptic. 
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| PROPOSITION VIII. Lemma. 
T Hes Right Lines TA, TB, TD, being given 
in Poſition, drawn from the ſame Point aud 
lying in the ſame Plane, from the Point A given 
in any one of them, {as in TA) to draw the 
Right Line AC, whoje Parts AE, EC, intercep- 
ted beiween the [aid Right Lines, ſhall have a 
given Ratio, namely, that of R to S. | Fig. V.] 
Let the Right Line AB be drawn any how 
from A, to meet with TB at the Point B; in 
this Line (produc'd if there be Occaſion) on the 
Fart of it towards T P, take (by Prop. 12. El. 6.) 
B +, ſo that it may be to 4B, as S to R; thro' # 
draw F C parallel to BT meeting with TD at C: 


and you will have AC requir'd. For (by Prop. 2. 


El. 6.) A will be to EC, as 4B to BF, that 
is, (by Conſtruction) as R to S. 


SCHOLTIUM. 


The Poſition and Magnitude of the Right 
Line AC are eaſily defin'd, by Trigonometrical 


Calculation: For in the Triangle AT B, you 


have given the Side AT, the Angle ATP, and 


the Angle TAB, known by drawing the Line 


AB; whence the Angle ABT, and the Side A B 


will be known; theretore BF, having a Ratio to 
the given Line 4B is given, and for that Reaſon 
its parallel, and (conſequently) equal CM. A- 


gain, in the Triangle T MC, knowing the Angle 
CTM, (given at firſt) and CMT equal to FBM, 
(that is, equal to the Complement of the before 
found A BT to two Right Angles) and the Side 


CM, you will alſo have CT. Laſtly, in the Trian- 
'gle ACT, having the Sides TA, C4, and the An- 


gle between them, ATC, you will find the third 
Side CA, and the Triangle TAC and TC A; that 
5 Rrr 3 Is, 
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is, the Magnitude + and Poſition of the Right Line 
AC. | 
PrxoPOSITION IX. 
Tom three Obſervations made at the Beginning 
of the Appearance of a Comet, to determine 
the Place of the Perigaum, at what Time a Comet 
Will be in it, and to ne the Place of a Comet at 
a given Time. Fig. 

Let T repreſent = Faith, which here, where 
we go not to the greateſt Accuracy, we ſhall 
conſider as at Reſt, not conſidering its Motion) 
4e a Circle among the Fix'd Stars, in which 
the Comet ſeems to go, determin'd by Prop. 7. 


in which the three obſerv'd Places of a Comet 
are, A, B and D. Let R be put for the Time 


between the Obſervations at A and B, and & for 
the Time between the Obſervations at B and D: 

Let the Right Lines TA, T B and TD, be ſup- 
pos'd to be drawn, and, 'by the foregoing Lem- 
ma, let the Right Line AO be drawn thro' A, 
whoſe Parts AE, EC, intercepted between the 
two Right Lines 7 A, 7 B, and the two TB, T D, 
are as R to &. This will be nearly the Trajec⸗ 
tory of the Comet, eſpecially in ſome remark- 
able Diſtance of the Comet from the Perihelium. 
For in that Caſe the Way of the Comet is near- 


ly ſtrait, and the Comet goes equably thro' it; 


therefore the Spaces gone thro” are proportion- 
able to the Times: But AE is to EC, as the 
Time in which the Comet is ſeen to move from 
A to B among the Fix'd Stars, to the I ime in 
which it is gone from B to D: ; and that agrees 
to no Right Line drawn from 4 to the ſame 


Parts of 2, except AO: This is therefore near- 
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You have (by the foregoing Lem.) the Situa- 
tion of the Right Line 40, and the Magnitude 


of AC in reſpect to AT; that is, in the Triangle 
ACT, you have all the Angles and all the Sides 
given. Let. P be drawn from 2, perpendicular 
to AO, the Right-lin'd Trajectory, and let it be 


produc'd till it meets with the Circle ABD at G. 
It is plain that the Comet,moving in the Trajec- 
tory AO, is in its Perigæum at P; for the Right 
Line TP is the ſhorteſt that can be drawn from 
to AO: And & will be the Place among the 
Fix'd Stars, which a Comet in its Periganm will 
appear to be in. To find out which, in the Tri- 
angle 4 PST, rectangular at P, you have the Side 


AT, and the Angle PAT; from which you will 


know the Sides AP, TP, and the Angle ATP, 
the Complement of PAT to a Right Angle, and 
its Meaſure the Arc 4, and therefore the Place 
of the Perigæum in a great Circle between the 
Fix'd Stars, which the Comet deſcribes, when 
the Point A is known by Obſervation. This 


Place G, of the Perigæum, is thus very eafily 


reduc'd to the Ecliptic NK L. Thro' & draw 
the Circle of Latitude EI, meeting with the 
Ecliptic at L: And in the Triangle N L G, be- 
ſides the Right Angle at L, you have the Angle 
N, (found by Prep. H.) and NG, the Sum (or 


Difference) of the known Arcs NA, AG; 


whence will be known NL, the Longitude of 
the Perigæum from the Node, and @ L the La- 
titude of the Comet in the Perigæum. More- 
over, knowing the Ratio of the Right Lines 
AC and AP, to the fame AT; you will alſo 
know the Ratio between 40 and AP: But be- 
cauſe a Comet moves equably, the Ratio be- 
tween the Times, in which the Comet moves 


_ thro AC, AP, is the ſame with the Ratio of 


Rrr4 AC 
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ACto AP; and the Time in which it has mo- 


ved from A to C is known by Obſervation, be- 
ing the ſame which is ſpent between the firſt 


Obſervation in A and the third in D; and there- 
fore the Time will be known in which a Comet 


does move really from A to P, and apparently 


from A to G; that is, between a known Point 


of Time, and the Time in which the Comet 
will come to the Perigaum. Therefore the 


Time will be known in which a Comet will be 
in its Perigzum. 
| Beſides, let the Interval between the given 


Time, for which the Place is ſought, and the 


Time of any Obſervation (as for Example, of 
the firſt in 4) be requir'd. Let the Line AQ 
be taken in the Line AO, ſo that it may be to 
AC, as the Interval of Time lately found, to the 
known Interval of the Obſervations of the Co- 
met at A and D: Draw 7 & and produce it till 
it meets with the Circle NAD in the Point V, 


thro' which we muſt ſuppoſe the Circle of La- 


titude V X to be drawn. Ir is plain from what 


has been ſaid before, that the Comet is in the 


Point Q, of the Trajectory AO, at the given 
Time. In the Triangle & AT, from the given 
Sides AT, AY, and the intercepted Angle 
TAY, you will find the Angle ATS, and 
therefore its Meaſure (namely, the Arc AV) 
will be known: But the Point 4 is known ; 
therefore alſo the Point V, or the requir'd Place 


of the Comet in the apparent Way at the Time 


given. But the Situation of this Place, in re- 


ſpect to the Ecliptic, is found, by having alrea- 


dy, in the Triangle NAV, rectangular at X, 
the Angle VNA, and Side NU, in finding 
NA, the Longitude of the Comet from the 


Node, 
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Node, and XV the Latitude agreeable to a given 


Time. 


Inſtead of the firſt and ſecond Obſervations, 
any two Obſervations may be taken in this Pra- 
ctice, or any one of them with the Place and 
Time of the Perigæum above found. And this 
Way Ephemeris's for Comets may be made. 


SCHOLIUM. 


In a Matter of ſo little Accuracy, it will per- 
haps be ſufficient to deſcribe the Way of a Co- 
met, at its firſt Appearance on the Surface of 
the Cceleſtial Globe, and to mark its Places for 
every Midnight of an Obſerver's Habitation, by 
Protraction. For if, at the Beginning of the 
Appearance of a Comet, its Situation among 
the Fix'd Stars be obſerv'd, namely, by looking 
at it with a ſtretch'd 'Thread, and ſo knowing 
when it lies in a Right Line with two known 
Fix'd Stars, and at the ſame Time finding two 
other Fix'd Stars, with which alſo it lies in a 
Right Line, which may eaſily be done among 
ſuch a Multitude of Fix'd Stars ; a great Circle 
going through two (or more) Places obſerv'd, 
mark'd in the Globe (which the farther they 
are from one another, the more exact the Pra- 
ctice will be) will be the future Way of a Co- 
met. But a great Circle going thro' them will 
eaſily befound.” by raiſing or depreſſing one of 
the Poles, and at the ſame Time turning the 
Globe, till the Places mark'd are at the ſame 
Time found in the Horizon; for then the Circle, 
which the Horizon at that Time denotes on the 
Surface of the Globe, will be the Circle re- 
quir'd, Therefore its Interſections with the E- 
cliptic will be the Nodes of the Orbit of the 
Comet, and the Angle which the Ecliptic 
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makes with the Horizon (meaſur'd by the Alti- 


tude of the Nonageſime Degree) will be the In- 


_ clination of the Orbit of a Comet to the Eclip- 


tic. Let a Circle be deſcrib'd with its Diameter 
equal to that of the Globe, as for Example ABD, 
whoſe Center is 7, in whoſe Circumference, 
take the Point A, repreſenting the Place among 
the Fix'd Stars, in which the Comet was firſt 
obſerv'd : Let the Arcs AB, AD, be taken e- 
qual to the Diſtances of the Places of the Co- 
met, mark'd on the Surface of the Globe, from 
the Place firſt obſerv'd, and let T B, TD be 
drawn: And (by Prop. 8.) let the Right Line 
AO be drawn in ſuch a Manner thro' 4, that 
E may be to EC, as R to 5, that is, (by Con- 
ſtruction) as the Time between the firſt Obſer- 
vation and the ſecond, to the Time between 
the ſecond and the third. From T letting fall 


TP perpendicular to 4 O, and producing it (if 


Need requires) as far as the Circumference at E; 
an Arc equal to 4 being transferr'd from the 
Place firſt obſerv'd, to the Way of the Comet, 
deſcrib'd above, on the Surface of the Globe, 
the Point & will ſhew the Place among the 
Fix'd Stars which the Comet will be in, in its 
Perigæum. | TR 

Moreover, if the Right Line AC be divided 
(either actually, or by Help of Calilæus's Com- 
paſſes of Proportion) into ſo many equal Parts, 
as there are Hours (or Minutes, if the Scheme 


be large enough) between the firſt Obſervation - 


in 4, and the third in C; each of thoſe Parts 


will be the Way of a Comet, moving equably 


in AO, for the Space of an Hour, and twenty 
four of them will be the Way of it in the 
Space of a natural Day, and ſo on. Therefore 
the Place of a Comet amang the a 

| or 


— ui 


—. 
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for a given Time, is determin'd upon the Globe, 
if ſo many of the foreſaid Parts be taken from 
A towards O, in the Right Line AO, as Hours 
are paſs'd between the Time of the firſt Obſer- 
vation and the given Time; as for Example, 
AS, and let the Right Line TY, joining the 
Center T, and the End O, of the aflumed Parts, 
be produced to V and let an Arc be taken equa] 
to A, from a Point anſwering to A in the Co- 
met*s Way ; and one Extremity of it will ſhew the 


Place of the Comet among the Fix'd Stars, a- 


greeable to the ſaid Time. The Place of a 
Comet, for every Midnight, may after the ſame 
Manner, be protracted upon the Surface of the 
Globe : Whence the Longitude, Latitude, and 
other Things belonging to a Comet, will (by the 
Operations taught in B. II.) be eaſily defin'd. 
Theſe things, which are done on a Globe, ma; 
likewiſe be done in any Planiſphere, in whi 
the Fix'd Stars are drawn. _ 
The Way of a Comet being firſt drawn, and 
the Places agreeable to different Times, will be 
corrected by the following Obſervations : For 
this Operation and Calculation is not to be ex- 


pected to be without any Error. 
12 define in what Time a Vapour, going out of a 
1 Comet, riſes from the Head to the Extremity 
of the Tail. [Fig. VII.) +4 N 
Let & denote the Sun; A Part of the Tra- 
jectory of a Comet, in which let N be the Nu- 
cleus of a Comet moving from A towards B; 
and C the Extremity of the Tail. Now ſince (by 
Corol. 3. Prop. 4.) the Tail NC is not exactly 
turn'd from the Sun, that is, NC does not lie 27: 
directum with SN, but turning towards 4, the 
Parts 


 ProPosSITION X. 
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Parts which the Comet has left, and whofe In- 
clination is known by Obſervation; let SE be 


drawn parallel to NC, cutting the Trajectory 
at the Point O behind the Comet. The Vapour, 
which now makes the Extremity C of the Tail, 
began to riſe from the Nucleus, when the Co- 
met was in the Point D; becauſe the Motion of 
a Vapour is compounded of a Motion directly 
from the Sun, and of the progreſſive Motion of 
the Comet impreſs'd on it from the Head, be- 
fore its Separation. , But by the foregoing Prop. 
will be defin'd (exactly enough for fuch an En- 
quiry as this, which is not very accurate) the 


Time that a Comet was at the Point V, before 


the 'Time propos'd of the Obſervation, as great 
as is requiſite for a Comet to go thro* the Right 


Line DN, given in er enge Therefore the 


Time is found, in which the Vapour riſes from 
che Head to the End of the Tail. 


PROpOSTTION XI. LEMMA. 
Our Right Lines given in Poſition, Iying in the 
ſame Plane, to draw a fifth which ſhall be cut 


by thoſe four, in three Parts, having a given Ratio 


and a given Order among themſelves. | Fig. VIII.] 

Let there be four Right Lines given in Poſiti- 
on, namely, A E, AC, BC, and BD produc'd 
in infinitum, and three Quantities given, R, F, 
and V; a Right Line is to be drawn, cutting the 
four firſt given Lines at M, O, N and K, ſo that 
MO may be to ON, as R tos, and ON to NX 
as S to V. | why 

Let CG be taken, fo that it may be to CE as 
S and together to R; take alſo FC to CD, as 
R and & together to /: Draw the Right Lines 
AC, BF, and produce them till they meet; thro? 
their Concurrence H, draw H, parallel to DC, 
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and HM parallel to BC, with reſpective Right 
Lines, concurring as in the Scheme: Draw MK. 
and it will be the Line requir'd. N 

For by reaſon of the Parallels HM and TN 
KN 1s to- NM, as KT to T H. But becauſe 


HK is parallel to FD, KTis to TH as DC to 


CF, that is, by Conſtruction, as Vto R and & 
together; and therefore XN is to NM, as V to 
R and 5 together. Again, by realon of the 


Parallels HK and OX, MO is to OK as MA to 


XH. But becauſe H Mis parallel to EG, MX 
is to XH as EC to C, that is, by Conſtruction, 
as R, to S and / together ; and therefore MO is 
to O Kas R to & and together. But it has al- 
ready been ſhewn, that N K is to MN, as to 
R and & together. Therefore, by Diviſion, the 
three Right Lines MO, O N and NX have the 
fame Ratio to one another, as the three Quanti- 
ties R, S and /. O, E. F. 

We do not fay any thing here of the Limita- 
tions and different Caſes of this Problem, as be- 


ing manifeſt enough to any one that conſiders 


this Matter. 
This Conſtruction is the Invention of the fa- 


mous Geometrician Sir Chriſtopher Wren. 


SCHO LIVA. 


The Poſition of the Right Line MX and of 
the Points M, O, N and K, of the Diſtance from 
A, B, C, D or E, are thus eaſily determin'd by 
Calculation. All the Interſections of the four 
Right Lines firſt given, A E, AC, BC, and BD, 
as the Points A, B, C, D and E, are given (by 
25 Dat. and the Angles at them, by the 
Inverſe of 29 Dat. wherefore the Right Lines 
AC, BC, CB, CE and BD (by 26 Dat.) 
are given in Magnitude. But ( by 2 _—_ 
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CF and CC are alſo given, having a given Ratio 
to CD and CE reſpectively. In the Triangle 
BCF the Sides CB, CF, and the Angle between 
them, BCF being given, you have the Side BF 
and the Angle BFC, and conſequently the An- 
gle on the other Side of it AFH. Likewiſe, in 
the Triangle 4CG, from the given Sides AC 
and CE, with the Angle 40, you will have 
the Angle CAG. Therefore in the Triangle 
AFH two Angles, AFH and FA AH, which 
were before found, being given, with the Side 
between them A, (the Sum or Difference of 
the known Right Lines AC and CF) the Side 
AH will be known: Laſtly, in the 'Triangle 


AH, having the Angle HAM, (the Sum or 


Difference of the known Angles CAE, HAC) 
and the Angle 4MH, equal to the given one 
AEC, as alſo the Side AH, you will know the 
Sides HM and AM, the Diſtance of the Point 
M from the known Point A. You may, by the 
ſame Steps, find the Sides BK and H in the 
Triangle BKH. Therefore in the, Triangle 
MHA, knowing the Sides HM, HK, and the 
Angle between them MHK (equal to ECA be- 


fore known) you will know the Angles HM, 


HK Mand the Baſe MK: But the Angles HMA, 
HMX being given, you will have their Sum or 
Difference AMA; that is, the Poſition of the 


Right Line MX, AM being given in Poſition. - 
After the ſome Manner 40, or BN, or BK, 


and the Angles which MAX makes with them, 
are found by Trigonometry. 
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Poe bias or XII. os 


2 ohſerv'd Places of a Comet being given, t0 
determine its Trajectory, if rectilineal. Fig. 


e An- IX.] | 
ſe, in Let & repreſent the Sun; ABCD the Magnus 
SAC Orbis; and let the Points 4, B, C and D be 
have known Places of the Earth at the Times of the 
angle Obſervations; AE, BF, CG and DH, four Lon- 
vhich gitudes of an obſerv'd Comet. By Prop. 11. draw 
Side the Right Line E H in ſuch Manner that its Part 
ce of EF, intercepted between AE and BF, may be to 
Side F &, its Part intercepted between BF and C &, as 
angle the Time between the firſt and ſecond Obſervati- 
m or on, to the Time between the ſecond and third ; 
AC) and that the ſaid FG may be to G H, its Part in- 
one tercepted between & C and D H, as the Time be- 
the tween the ſecond and third Obſervation, to the 
*oint Time between the third and fourth; and EH 
the thus deſcrib'd will be the Mark of the Orbit of a 
the Comet, in the Plane of the Ecliptic; that is, if 
ngle thro? a Right Line, which is the Trajectory of 
the a Comet, a Plane be ſuppos'd to be 1 — per- 
be- pendicular to the Ecliptic, this Right Line EH 
IA, will be the common Section of thoſe Planes. For 
MA, ſince, according to the preſent Hypotheſis, a 
n or Comet moves equably in a Right Line, if from 
the the Points of that Right Line, in which the Co- 
ion. met was at the Time of the four Obſervations, 
7 Hh Perpendiculars be let fall to the Plane of the E- 
em, cliptic, they will fall on the Right Lines AE, BF 


CG, and DH reſpectively, becauſe theſe denote 
the Places of the Comet in the Ecliptic; and 
theſe four Points will be in the ſame Right Line; 
namely, the common Section of a Plane thro' 
05 the Trajectory perpendicular to the ] lane of the 
Ecliptic, with the ſaid Plane of the Eeliptic 5 
| a an 


2 
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and beſides (by Prop. 2. El. 6.) the Diſtances be- 
tween thoſe Points will be as the Diſtances of the 
Points in which the Comet was found in its pro- 
per Trajectory, and therefore, as the Times be- 


tween the Obſervations: But EH is the only 


Right Line, whoſe Parts lying between the Right 
Lines AE, BF, CG and DH are as the Times 
between the four Obſervations reſpectively; and 
therefore the Right Line EH is the Mark of the 
Orbit of a Comet in the Plane of the Ecliptic. 
But to compare the Diſtance of a given Point 
of this Right Line with the mean Diſtance of the 
Earth from the Sun, for a Time given, we muſt 
work thus: In the Triangle A S B you have (by 
Prop. 18. B. III.) the Sides SA, CB, the Diſtan- 
ces of the Earth from the Sun for given Times, 


and the intercepted Angle A SB, which is the 
Difference of the Places of the Earth, ſeen from 


the Sun; therefore you will have the Angles 
SAB, SB A, andthe Right Eine A B the Chord 
of the Arc gone thro by the Earth in that Time; 
that is, the Ratio of that Chord, to the Semidi- 
ameter of the Magnus Orbis. Again, in the 
Triangle K AB all the Angles are given, be- 
cauſe you have the two K AB, K BA (namely, 
this laſt being the Sum or Difference of the 
known Angles SBA, S BK, and the firſt like- 
wiſe the Sum or Difference of the known Angles. 
AB, A K;,) wherefore you have the Ratio of 
the Sides A K and AB: But the Ratio of 5A 
and A B was given before; therefore the Ratio 
of $4 to KA will be known. Juſt after the 
ſame Manner, from two Places of the Earth, 
Aand D, the Ratio between SA and AO will 
be found; wherefore the Ratio between & A and 
KO will be known, being the Difference between 
AO and KO: But it has been ſhewn in the fore- 


going 
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going Propoſition, how to find the Ratio be- 
tween KO and K E, wherefore the Ratio be- 
tween SA and K E will be known, and there- 
fore alſo the Ratio between SA and AE. 
Moreover, in the foregoing Propoſition, the 
Angle AE H alfo is found; therefore A E is 
found, being the Diſtance (ina Right Line gi- 
ven in Poſition) of the Mark of a Comet's 'Tra- 
jectory from the Earth, expreſs'd in Parts of 
the Semidiameter of the Magnus Orbis, and its 
Inclination to the ſaid Right Line. After the 
ſame Manner BF, or CG, or DH, may be 


 compar'd with the Semidiameter of the Magnus 


Orbis, and the Angles at F, & and H, will be 
found. | | 

To determine this Trajectory, from E to the 
Plane of the Ecliptic, (which is the ſame with 
the Plane of this Scheme) let EM be ſuppos'd 
to be erected equal to the Tangent of the Angle 
of the Comet's Latitude in the firſt Obſervation, 
ſuppoſing AE the Radius; and M will be the 
Place of the Comet in the Mundane Space for 
the firſt Obſervation, becauſe the Poſition of the 
Right Line AE is its Longitude, and the Angle 
MAE its Latitude. Likewiſe at H let the 
Right Line HL be rais'd perpendicular to the 


Plane of the Ecliptic, and equal to the Tan- 


gent of the Latitude obſerv'd the fourth Time 
to the Radius DH; and L will be the Place of 
a Comet in the Mundane Space for the fourth 
Time: And therefore ML, being drawn, is the 


requir'd rectilineal Trajectory of a Comet, in 


which a Perpendicular, let fall from &, will ſhew 
the Perihelium. It is plain, that the Diſtance 
of the Point M from A, or the Right Line AM, 
is to the Right Line AE as the Secant of the La- 
titude in the firſt Obſervation to the Radius, and 
811 that 
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that DL is to DH, as the Secant of the Lati- 
tude obſerv'd the fourth 'Time to the Radius ; 
but LM will be found in the Triangle LPA, 
L being drawn thro' L, parallel to HE, meet- 


: ing with ME at P: For beſides the Right An- 


gle at P, the Sides L P, PM, are given, the firſt 
of them equal to the before-known Line HE, 
and the laſt equal to the Difference of the known 
ones ME, HL; wherefore L M will be known, 
being a Right Line equably gone through by a 
Comet during a known Time, namely, whilſt 
the Earth moves from A to D. 
Moreover, for finding the Node, the Time 
when the Comet will be in the Node, the Incli- 
nation of the Comet's Way to the Ecliptic, and 


other Things of this Nature, let ML be pro- 


duc'd till it meets with EA, as for Example at N; 
then NH will be to HL, as HE to PM, and 
therefore known; alſo L N will be to L H, as 
L Mto MP, and therefore alſo given: Let a 
Time be taken, which is to the Time between 
the firſt and fourth Obſervation, as NL to LM, 


and it will be the Time between the fourth Ob- 


ſervation, and the Moment when the Comet will 
be in the Node; for in an equable Motion (ſuch 


as we ſuppoſe this of a Comet) the 'Times are as 


the Spaces gone thro? : But the Place of the Co- 


met in the Node will be given: For ſince the 


Point N is given, and (by reaſon of the Time 


known between the fourth Obſervation, and the 
Moment when the Comet is in the Node) the 


Place alſo of the Earth is given for that Moment; 
you will have (by 26 Daz.) the Poſition of a 
Right Line joining thoſe Points, that is, the Lon- 
- 3 of the Comet, when it is in the Node. 


oreover, becauſe you have the Diſtance of the 


Node from the Point H (the Place of the Comet 
ad 
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at the fourth Obſervation) and the Latitude of 
the Comet at the ſaid Point H, (namely the two 
Sides about the Right Angle, in a rectangular 
ſpherical Triangle ;) you will have the Inclina- 


tion of the Hypothenuſe, or of the Comet's 
Way to the Ecliptic. : 


ProPosITION XIII. 
TJ Hings being as before, to find the Place of a 
1 Comet ſeen from the Earth for a given Time, 
F OE | | 
Let the Mark or Section of the Orbit of a Co- 
met be, by the foregoing Prop. determin'd on the 
Plane of the Ecliptic, namely EH NR, and 


AL N the Orbit itſelf in the Mundane Space, 


the Points N, H, E, M and L, denoting the ſame 
things as before: Let ER be taken to EH as 
the Space between the firſt Obſervation and the 
Time given, for which the Comet's Place is re- 
quir'd, to the Time between the firſt and fourth 
Obſervation: Moreover, find (by Prop. 1 8. B. III.) 
the Place of the Earth for the Time propos d, 
viz. the Point 8 The Poſition of the Right 


Line QR, whoſe two Extremities & and R are 
known, (being given by 26 Daz.) gives the re- 


quir'd Longitude of the Comet. Moreover, let 
RV be taken to RN, as ME to EN, and the 
Latitude of the Comet will be at the given Time 
an Angle, whoſe Radius is & R, and the Tan- 
gent the Right Line RV. | : 
After this Manner may you make Epheme- 
ris's of the Motion of a Comet, either Graphi- 
cally, or by Calculation. 
FFP | 
After the ſame Manner you may find the Di- 
ftance of a Comet from the Earth, either in its 
Perigæum, or for a Time given, as well curta- 


STEt 3 ted 
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ted, as in its Trajectory, expreſs'd in Parts of 
the Diameter of the Magnus Orbis; as alſo the 
Angle which the Trajectory of a Comet makes 
with a Right Line joining a Comet and the 
Earth, and which the Mark or Section of the 
Orbit of a Comet in the Plane of the Ecliptic con- 
tains with a Right Line drawn from the Earth, 
to the Place of the Comet in the Ecliptic. 


COROLLARY. 


Hence the true Magnitude, as well of the Nu- 
cleus of a Comet, as of the Peruke or Hairineſs 


about it, like an Atmoſphere, will be determin'd; 


for when once you know the Diſtance of a Co- 
met, and the apparent Diameter of the Nucleus, 
and of the Atmoſphere about the Nucleus, by 
Obſervation, their Magnitude will be known, 
after the ſame Manner that the Magnitude of 
the Planets is known from the like Data in Prop. 
46. B. III. For by knowing the Places of the 
Sun and of a Comet, the Angle which the Tail 
makes with a Right Line, joining the Earth and 
a Comet, will be known, and the Angle at the 
Earth, which the Tail of a Comet ſubtends, is 


'known by Obſervation; from knowing of which 


Things, and the given Diſtance of a Comet from 
the Earth (namely, the Side adjacent to the ſaid 
Angles) the Lo” of the Tail will be known, 
and its Thickneſs will be found the ſame Way 


as that of a Comet. 


SECTION. 
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SECTION III. 


To determine the true Trajectory of a 
Comet. | 


IN ſome of the foregoing Propoſitions we have 
ſhewn how to find ſuch a Trajectory of a Co- 
met, as does not much diſagree with the Phæ- 
nomena, not only becauſe ſuch a Trajectory will 
ſuffice for nearly determining the Places of ſeve- 
ral Comets, and becauſe a pretty many of the 
chief Philoſophers did believe that a Comet was 
really carried in a Right Line; but alſo becauſe 
by that Means we have laid a Foundation for 
finding the true Parabolical or Ecliptical Tra- 
jectory to be deſcrib'd from Obſervations, which 
we ſhall do in the following Pages, after we have 
premiſed ſome Propoſitions concerning the Mo- 
tion of a Comet in a Conic Section, for the bet- 
ter underſtanding of it, and laid down neceſſary 
Lemmata. | 


PROPOSITION XIV. LEMMA. 


f . the Right Live G AB touches the Parabola 


VA, whoſe Vertex is V and Axis V D, in the 
Point A; and from F the Focus of the Parabola 
FC be let fall perpendicularly on the ſaid Line, 


it will be a Mean Proportional between the Right 
Lines FA and FV. [Fig. XI.) 


Let the Right Line touching the Parabola, and 


the Axis of the Parabola, be produc'd till they 


meet together, as for Example at B. Thro' A 
let AE be drawn parallel, and AD perpendicular 
to the Axis; and BV (by Prop. 35. B. I. EI. Co- 
nic.) will be equal to VD, and (by the well-known 
catoptrical Property of the Parabola) the Angle 

"""M - woes GAE 


14% The ErEMuENTS Book V. 
GAE is equal to the Angle FAB; But GAE is 
equal to 45 F,; whence FAB is equal to FBA, 
and therefore FB is equal to FA, and 4C equal 
to CB; therefore (by Prop. 2. El. 6.) VC, being 
drawn, is parallel to AD, that is, perpendicular 
to BF. Whence (by Prop. 8. El. 6.) CF'is a mean 
Proportional between Band VF: But AF has 


been ſhewn equal to BF, and therefore CF is 4 


mean Proportional between FA and FV. & E. D. 


e IL. 
Hence it follows, that in the ſame Parabola, 
FC is in a ſubduplicate Ratio of FA, or that this 
FC is to any other FC in a ſubduplicate Ratio 


of this FA to another FA, agreeable to another 


FC; or ſince V is conſtant and unchangeable, 


FC1 will be as E itſelf, and therefore the Right 


Line FC itſelf, in a ſubduplicate Ratio of the 
Right Line FA. | 


, 2. 


If in FV produc'd be taken VH equal to V, 
and the infinite Line HK be drawn parallel to 
VC, on which from any Point A of the Parabola 
AX be let fall perpendicular, it will be equal to 
#4, the Diſtance of the Point A from the Focus. 
And converſly if AA, let fall perpendicularly 
from A, on the Right Line HK, be equal to the 
Right Line AF; the Point A will be in the Pa- 
rabola above deſcrib'd, whoſe Focus is F, and 
Vertex F,. | 

The Firſt appears from hence: That BF is e- 
qual to VD (by Prop. 33. B. I. Conic.) and H, 
by Conſtruction, is equal to V, and therefore 
BF is equal to HD: But it has been before 
ſhewn, that 4 F is equal to BF, and (by Prop. 
34. El. I.) KA is equal to HD; whence KA and 
£A are equal. = 
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But the ſecond from hence: By Suppoſition 
AX is equal to 4 F, wherefore the Point Ais in 
a Right Line perpendicular to FK (E, K, being 
join'd) rais'd from its middle Point. Now, if a 
Parabola, whoſe Vertex is V and Focus F, does 
not go thro” A, let it go thro' any other Point of 
the Right Line K 4, (or produc'd, if Occaſion 
require) as for Example «: Becauſe (by what 
has been already ſhewn) Fa is equal to K a; 
whence the Point « is in the foreſaid Perpendi- 
cular to HK, rais'd from its middle Point. 'There- 
fore the ſaid Perpendicular will meet with the 


two Points J and - of the Right Line XA, which 


is abſurd ; and therefore a Parabola, whoſe Fo- 


cus is Fang Vertex V, will go thro' the Point 


A, if AK and AF be equal. 


455 -; 14207 PRHOPOs Tron AV; 
a Body moves in a Parabola, and at the ſame 

time be urg d by Forces tending to the Focus of 
the Parabola, which Forces are reciprocally pro- 
portionable to the Square of the Diſtance from the 
Focus, its Velocity, in any Point of the Parabola, 
7s reciprocally in a ſubduplicate Ratio of the Di- 
ſtance from the Focus of the Parabola. | Fig. XII.] 

Let DC be the Parabolical Trajectory of a Body, 
whoſe Focus is &; it is plain (from Corol. 2. Prop. 


41. B. I.) that its Velocity in the Point Cis reci- 


procally as & E, drawn perpendicularly from the 
Focus , on the Right Line CE, which touches 
the Parabola at C, or that the Velocity of the 
Body in C, is to its Velocity in e, as Se to SE: 
But (from Corol. 1. of the foregoing Prop.) Se is 
to SE in a ſubduplicate Ratio of the Right Line 
Se to the Right Line SC; and therefore the Ve- 
locity of the Body in C, is to its Velocity in c, 
in a ſubduplicate Ratio of the Right Line Sc to 

N 8114 the 
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the Right Line SC; that is, the Velocity of the 
Body is inverſly in a ſubduplicate Ratio of its 

Diſtance from the Focus. 8, E. D. 


ü PRO POSTITION XVI. 
TH E ſame Things being ſuppos'd as before, the 
Velocity of a Body in any Point of a Parabola 
zs to the Velocity of a Body revolving in a Circle, 
about the ſame Center of Forces deſcrib'd at the ſame 
Diſtance, as the Diameter of a Square to its Side. 
For (by Cor. 1. Prop. 41. B. I.) theVelocity of a 
Body moving in a Parabola at the leaſt Diſtance 
from the Focus (that is, in the Vertex of the 
Parabola) is, to the Velocity of a Body moving 
in a Circle at the ſame Diſtance about the ſame 
Center of Forces, in a ſubduplicate Ratio of the 
principal Latus rectum of the Parabola, to twice 
the Diſtance of the Vertex from the Focus : But 
the principal Latus refFum of the Farabola is e- 
qual to four Times the Diſtance between the Fo- 
cus of the Parabola and its Vertex, and therefore 
the Velocity of a Body moving in a Parabola af- 
ter the Manner mention'd, whilſt it is in its Ver- 
tex, is to the Velocity of a Body moving in a 
Circle about the ſame Center of Forces at the 
ſame Diſtance, in a ſubduplicate Ratio of Four 
to Two, or of Two to One; that is, in the ſame 
Ratio which the Diameter of a Square has to its 
Side. Again, (by the foregoing Prop.) the Ve- 
Jocity of a Body in any other Point, taken at 
Pleaſure, is to its Velocity in the Vertex in a ſub- 
duplicate Ratio of the Diſtance of the Vertex 
from the Focus, to the Diſtance of the ſaid Point 
taken at Pleaſure from it: And (by Prop. 2. B. I.) 
if Bodies, which are urg'd by Forces recripocal- 
ly proportional to the Square of the Diſtance 
from the Center, deſcribe abqut a given Center 
| Circles, 


* 
. ©. 
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Circles, at the ſame Diſtances as the foremen- 
tion'd Points of the Parabola, the Velocity of a 
Body, revolving in a Circle paſſing thro* the 
ſaid Point, will be to the Velocity of a Body in 
a Circle paſſing thro* the Vertex of the Parabo- 
la in a ſubduplicate Ratio of the Diſtance of the 
Vertex from the Focus, to the Diſtance of this 
other aſſum'd Point from it; that is, in the ſame 


Ratio that the Velocities of a Body, carried in a 


Parabola at the ſame Diſtances, have been 
ſhewn to be to each other. - And therefore by 
Permutation the Velocity of a Body moving in 


a Parabola at a Point taken at Pleafure is to the 


Velocity of a Body moving in a Circle at the 
ſame Diſtance, as the Velocity of a Body moving 
in a Parabola at the Vertex, to the Velocity of 
it moving in a Circle at the Diſtance of the 
ſaid Vertex; that is, as was before ſhewn, in a 
Ratio of the Diameter of the Square to its 
Side. & E. D. | | 


PROPOSITION XVII. 


THE Velocity of any Comet is to the Velocity of 


any Primary Planet, in a ſubduplicate Ratio 
twice the Diſtance of a Planet from the Sun to 
the Diſtance of a Comet from it. ; 
It is plain from the Firſt Book, that tho? the 
Way of a Comet about the Sun be Elliptical, 
yet, by Reaſon of the great Excentricity of ſuch 
an Ellipfis, it may be look'd upon as a Parabola 
in whoſe Focus the Sun is; at leaſt in that Part 
of it, which, being in our Planetary Region, is 
ſubject to Obſervation, it does not fenſibly dif- 
fer from a Parabola. And it is plain from the 
Third Book, that the Orbits of the Primary 
Planets, by reaſon of their ſmall Excentricity, 
fliffer very Jittle from Circles goncentrię to the 
bs Fun. 


* 


— 
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Sun, Whence, from the foregoing Prop. it is 
plain, that the Velocity of a Comet is, to the 
Velocity of a Primary Planet revolving at the 
fame Diſtance as the Comet, in a ſubduplicate 
Ratio of Two to One. And the Velocity of 
ſuch a ſuppos'd Planet is, to the Velocity of 
any other Primary Planet Wale at any Di- 
ſtance (by Prop. 27. B. I.), in a ſubduplicate 
Ratio of the Diſtance of this ſaid laſt real Pri- 
mary Planet's Diſtance from the Sun, to the Di- 
ſtance of, the ſuppos'd one, that is, to the Di- 
ſtance of the Comet itſelf from it : And there- 
fore the Ratio of the Velocity of a Comet, to the 
Velocity of any Primary Planet, made up of the 
Two aforeſaid, is equal to a ſubduplicate Ratio 
of twice the Diſtance of the en the dun 
to the Diſtance of the Comet from it. & E. D.: 
i CRADLE MMT. 

Hence the Velocity of a Comet may be com- 
par d with the Velocity of any Primary Planet 
(as for Example, of the Earth) carried about 
the Sun, if the Ratio be known between the 
Diſtance of a Comet from the Sun, and the 
mean Diſtance of- the ſaid Planet from it, 

PROPOSITION XVIII. 

LE T PAB be any Parabola whoſe 3 is 8, 
and auy Arc of it A C B, whoſe Chor A C is 
biſſefted in the Point M, thro which the Right 
Line MV is drawn parallel to the Axis of the 
Parabola meeting the Parabola in V, aud pro- 

duc d to &, ſo that MV be the double of V G; 
let G 8 be draws cutting ABinQ, and be pro- 
duc d to E, ſo that SE * the double of S G: If 
a Comet de cribes the Parabolic Arc A CB about 
the Sun S (as in the 35th Prop. B. I.) he Ragbi 
Line E C, joining the Comet when it is any 
where in the ſaid Arc (as dt C) and the Point 
E, deter- 


ef the Quadratnre of the Paradola)is ſubſeſquiter- 
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E, determin'd before, will cut the Chord A B in 
D, in ſuch Manner that A D will be nearly 10 
DB as the Time in which a Comet deſcribes the 
Are A C, to the Time that it deſcribes the Ars 
CB. [Fig. XIII.] in 
- Draw the Right Lines SB, SD, SC, EA and 
A; draw alſo G D meeting with the Parabola 
at K. Becauſe M is parallel to & A, it will (by 
Prop. 46. N. I. E. Conic.) cut all the Right Lines; 
parallel to 4B terminated by the Parabola into 
two equal Parts, and therefore it will divide the 
parabolical Segment comprehended under the 
Curve AV, and the Right Line Ag, into two e- 
qual Parts, or half Segments AH VM and BOC HA. 
Thro' V draw F parallel to 4 B, (which by 
Prop. 17. B. I. El. Conic.) will touch the Farabola 
in V) meeting the Right Line G D at F, and let 
us ſuppoſe the Right Lines SF, CF, to be drawn. 

Becauſe, by Conſtruction, M V is the double 
VG, and E S alſo the double of SG, MV wilt be 
to VG as ES to G. But by reaſon of the Pa- 
rallels /F and MD, DF is (by Prop. 2. El. 6.) 
to Fd as MV to VG; and therefore BF is to 
F as ES to SG, Therefore the Right Line S 
will be parallel to the Right Line EC (by Prop. 
2. El. 6. and therefore the Triangles DSC, DFC 
(by Prop. 3. El. 10 will be equal: But the Trian- 
gle DFC is nearly equal to the trilineal Figure 
DKC, by reaſon of the Nearneſs of the Points # 
and K; therefore the Triangle D C will be near- 


ly equal to the trilineal Figure DKC. Moreover, 


the Triangle MAG (by Prop. 1. El. 6.) to the Tri- 


angle MAY is in a ſeſquialteral Ratio, becaufe 


they have the ſame Vertex A, and the Baſe GA 
is to the Baſe M as one and a half to one. But 
the Triangle 4 VM (by the 25% Prop. Archi ni. 


ral 


ATT 


— 
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tial of the Segment IHM; therefore the Tri- and fr 
angle AG M is eight times and a half the Semi- equal 
ſegment AHTVM, namely, in a Ratio compound- to th 
ed of a ſeſquialteral and ſubſeſquitertial Ratio. Line - 
Again, the Triangle MG is nine times its ſi- Space 
milar one /G F, the Side M being three times Space 
eater than the homologous Side VE ; therefore a Rac 
the Triangle MG D is eight times and a half goes 
the Trapezium MFD: Therefore the Triangle SBC 
AGM is to the Semiſegment AHV M, as the ſcribe 
Triangle MG D to the Trapezium MV FD; and the £ 
again, the half Segment 4H VM is to the Tra- are a 
pezium MFD, as the Triangle 4 & M to the Arcs 
Triangle MG D, that is, (by Prop. 1. EI. 6.) as AD 
the Right Line AM to the Right Line MD. But met 
the Trapezium MF is nearly equal to a Por- that 
tion of the Parabolical Segment MV K D con- (the 
tain'd under the Right Lines KD, DM, MV and fore; 
the ſmall Part YK of the Parabolic Curve; and vide 
therefore the Semiſegment AHVM is nearly to ly t. 
the Portion MV XD, as the Right Line A M to crit 
the Right Line MD. Wherefore the half Seg- deſc 
ment AHV encreas'd by MV X D (that is, the 
parabolical Area AHVX DA) is to the Semiſeg- I 
ment when the ſaid Part is taken from it (that is, the 
the Part BCKXDB) as AM and MD together to Tate 
MB when MD is taken from it, or as AD to the 
DB, and the Triangle ASD is alſo to the Tri- Are 
angle B SD (by Prop. 1. El. 6.) as AD to DB. (as 
Therefore the Space SA HV X DS is to the Space B1 
SBCKDSas AD to DB. Nov, if to the firſt the 
Space you add the trilineal Figure DK C, and the 
from the Sum take away the Triangle DS'C, e- "TI 
qual to the foreſaid trilineal Figure, by what Tt 
has been already ſhewn, you will have the Space an 
SAHKCS equal to the ſaid firſt Space. Likewiſe, - 
In 


if to the laſt Space be added the Triangle D SC, 
= e and 
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and from the Sum be taken the Triangle DXC 
equal to it, you will have the Space B CS equal 
to the ſaid laſt Space. Therefore the Right 
Line A D is to the Right Line DB, nearly as the 
Space SAHVCS to the Space S CBS. But the 
Space SAHVCS is the Area which a Comet, by 
a Radius drawn to the Sun, deſcribes, whilſt it 
goes thro? the parabolic Arc 4 C, and the Space 
SBCS is the Area which the ſame Comet de- 
ſcribes after the ſame Manner, as it goes thro? 
the Arc C B; and theſe Areas (by Prop. 11. B. I.) 
are as the Times in which a Comet deſcribes the 
Arcs AC and CB: Therefore the Right Line 
AD is to DB nearly as the Time in which a Co- 
met deſcribes the parabolic Arc AC to the Time 
that it deſcribes the Arc BC. But the Point C 
(the Comet's Place) is taken at Pleaſure : There- 
fore, univerſally the Right Line E C does ſo di- 
vide the Right Line A B at D, that AD is near- 
ly to DEB, as the Time in which a Comet de- 

cribes the Arc AC, to the Time in which it 
deſcribes the Arc CB. Q. E. D. 

| SCHOLIU MM. 

If the Point C coincides with the Vertex of 
the parabolic Arc, then AD will be to D B accu- 
rately as the Time in which a Comet deſcribes 
the Arc AC, to the Time in which it deſcribes the 
Arc C B. For [Fig. XIV. | the Triangle ASD is 

(as it was before) to the Triangle BSD as AD to 
B D, and alſo the Semiſegment A H VM, when 
the Trapezium MV F'D is taken from it, is to 
the Semiſegment B VM, encreas'd by the ſaid 
Trapezium MV FD, as AD to BD: But the 
Trapezium MV F'D is made up of the two Tri- 
angles DMV and DF; and therefore the Tri- 
angle ASD + the Semiſegment 4 H V M—, 
the Triangle D MV — the Triangle DF is 
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to the Triangle B. 5 D the Semiſegment B 
M the Triangle DM + the Triangle DFV, 


as AD to DB. Inſtead of the Triangle DF, 
let us take the Triangle D C equal to it; 
and the Triangle 4 SD the Semiſegment 
AHV the Triangle D M — the Trian- 
gle DSC will be to the Triangle BS D the 
Semiſegment B V M + the Triangle D MV + 
the Triangle DSC, as AD to DB; that is, the 
Area ASCHA is to the Area CS BC, or (by 
Prop. 11. B. I.) the, Time in which the Comet 
deſcribes the Arc AC, to the Time in which it 
deſcribes the Arc C B, as the Right Line AD to 
the Right Line DB; and that accurately: For 
the curvilinear Space is not taken nearly equal 
to the rectilinear one; as it was done in the 
Propoſition, when the Point C was different 
from the Point J. ” 
„ EF... | 

Hence it follows, that the nearer the Point C 
is to V the Vertex of the Segment, ſo much more 
accurately is the Chord A B divided by the Right 

Line EC into the two Segments 4 D, BD, having 
to one another the Ratio of the Times in which, 


the Comet goes thro' the Arcs AC, CB: For if 
it, coincides with V, this will be exactly ſo; if 


not, then it is nearly ſo. But we muſt obſerve, 


that the Error will be leſs, if C is diſtant from V 
towards , than if it ſhou'd be as far diſtant from 
it towards 4; becauſe the Portion VA of the 
Parabola nearer to the principal Vertex & is more 
curve, and declines ſooner from the Right Line 
F, a Tangent to it, than the Portion YB, re- 
moter from X. And hence it happens, that if 
three Moments of 'Time be requir'd at which the 
Comet is in three Points of the Parabola (ſuch as 

are 


| {truction, as 3 to 1. 
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are A, C and B) ſo diſpos'd, that the Right Line 


EC may cut the Chord A Bin D, ſo that AD be 
to DB accurately, as the two Times between 
the three Moments, the ſaid Times muſt be 
nearly equal to one another, For in ſuch Parts 
of the parabolic Trajectory as we can obſerve; 
the Point D (where the Right Line joining the 


Vertex V and the Point E cuts the Chord 4 BY 
is not very far diſtant from M, the middle Point 


of the Chord. But that Interval, of Time where 
the Comet mov'd ſloweſt, muſt be ſomething 


greater than the other ; for it is plain that when 


the Comet is in V, where the thing requir'd is 
exactly found, that the Right Line DB is greater 
than AD ; that is, the 'Time in which the Comet 
(then moving ſloweſt by Prop. 15.) deſcribes the 
Arc BC, is greater than the Time in which the 
ſaid Comet, by a ſwifter Motion, deſcribes the 
Arc AC. But it is ſafer to take Times that are 
not very unequal, that the Point D may rather 
decline towards B than A, upon Account of the 
Reaſon before alledg'd; namely, that the Error 
may be leſs, if C is diſtant. from towards B, 

than towards A, | TOE 

COROLLARY 2. [Fig. XV.] 

If V, the Vertex of a Segment, is not far di- 
ſtant from X, the principal Vertex, nor the Point 
C feom , the Right Line SC, drawn from S. 
the true Focus of the Parabola, will divide the 
Chord 4B in , nearly in a Ratio of the Times 
in which the Comet deſcribes the Arcs AC and 
CB. If is very great in reſpe& of MP, 
MS will be the triple of &: For in that Caſe 
the Right Lines SQ GC, S / are to be look'd 
upon as parallel; therefore (by Prop. 2. EI. 6.) 
MY is to y, as MEG to &; that is, by Con- 


COROL- 
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| COROLL ART 58. 

Things remaining as before, & E will be e⸗ 
qual to 3 9. 5+ 3 MV: For, by Conſtruction, 
SE is equal to 2SC, therefore & E is equal to 
3SG, that is, CE=3SQ8 + 3QC: If there- 
fore from each Side be taken &, NE will be e- 
qual to 3 $9 + 2 QC: But by reaſon of the Pa- 
rallel QE, „ V, && is to V, as MG to MP, 
that is, as 3 to 2; wherefore 29 0. 35 V; 
and » V is equal to MV, becauſe the Angles 
» MV and My V are equal, by reaſon of SV 
and MJ, which make equal Angles with a Right 
Line touching the Parabola at V, which (by Prop. 
46. B. I. of Conics) is parallel to the Chord AB; 
therefore 3 M= 2 CN; and therefore Q E = 
39S+3 MV. If the Poſition of the Right Line 
AB be a little chang'd, all the foregoing things 
will notwithſtanding be nearly true. 
ProPpostTIOoONn XIX. LEMMA. 
TE, in the Parabola BAP, whoſeFocus is 8, from 
1 the Chord drawn AB be cut off the Segment 
AVB, whoſe Vertex is V, and Diameter V M, 
meeting with the Chord in its middle Point M, 
and from M to AB be drawn perpendicularly MI 
meeting at I, with the Right Line LV parallel to 
AB, and theParallelogram V1MK be compleated; 
when the Points V and M come together, or when 
the Segment AVB is naſcent, the Diagonal IK, 
produc d, falls upon S. [Fig. XVI.) 

For (by Prop. 17. B. I. Elem. Conic.) the Right 
Line LI touches the Parabola at V, whence the 
Angle SV is equal to the Angle ,I: But 
becauſe the Parallelogram M XV is rectangu- 
lar, the Angle XIV is equal to the Angle MV; 
and therefore the Angle Kis equal to the 
Angle SL, therefore (by Prop. 28. El. 1.) IK is 
parallel to /S, and it is always ſo; 2 

| when 


ly MI 
el to 
eated; 
when 
LIK, 


Right 
e — 

But 
ingu- 
MPT; 
o the 
IK is 
'efore 
when 
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when the Points I and come together; that 
is, when 1 and V come together, the Right Line 
IK produc'd goes thro* the Focus S. & E. D. 


COROLLARY [Fig. XVII.) 
Hence it follows, that if from any Point C of 
the Parabola, near the Vertex of the Segment 
ACB, be drawn the Right Line CI parallel to the 
Chord A B meeting with the Right Line M1 at 7, 
and ST be drawn, which cuts the Chord in K, 
and the Parallelogram I MK be compleated ; 
the Point V will be nearly the Vertex of the Seg- 
ment, if the Diſtance of the Focus'be immenſely 
greater than either of the Right Lines CI, IM, 
or MK. For it is well known to Geometricians, 
that the Immenſity of the Right Line & K, in re- 
ſpect of the Right Lines CI, IM., MX, brings the 
Matter to the ſame as if we make the Segment 
AB to vaniſn; in which Caſe the Propoſition is 
plain from what has been already faid. 


| "PROPOSITION XX. 8 
L T PAB be any Parabola-whoſe Focus 168; 
AVB any Arc of the Parabola, whoſe Chord 
is AB, and Vertex V, and Diameter MV - let 
the Right Line SV be drawn and produc'd'to L 
and R; ſo that VL be the third Part of M V, 
and SR a third Proportional to SV, SL; if a 
Comet, at the ſame Time that it deſcrives the 
Parabolic Arc AVB about the Sun 8, ſhou'd go 
forward equably with the ſame Velocity which it 
bas at a Diſtance from the Sun equal to 8 R, 
it wou'd deſcribe a Line equal to the Chord AB. 
Fig. XVIII.] 1 ee S274 
Let the Right Line SV meet with the Chord 
AB at Z: Now fince the Angles FV M, G VA, 
are equal; therefore alſo, their alternate Angles 
+ Ot on 
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on the two Parallels 4 B, & F, namely, Z MV, 
MZ will be equal, and the Right Lines J, 
VAM, are equal. Moreover, (by Coro! 5. Prop. 41. 
B. I.) if a Comet deſcribing the Parabola PAB, 
at the ſame Time that it deſcribes the Arc AV B, 
ſhon'd go on with the Velocity that it has in V, 
equably in the Tangent VF, the Arc, which it 


wou'd deſcribe by a Radius drawn to the Sun, 


wou'd be equal to the parabolic Area AV BSA4: 
And as SV is inclin'd to the Tangent F in the 
ſame Angle that SZ is inclin'd to 4 B, the Space 
contain'd under the Length in the Tangent 
deſcrib'd (as has been ſaid) and SV wou'd be to 
the Space contain'd under the Right Line A B 
and Z, as the parabolic Area AV/B SA to the 
Triangle AS B; that is, as the Triangle 48 B + 
the parabolical Segment AV'B to the Triangle 
A; that is, as the Triangle 4 SB +}; of the 
Parallelogram AG FB to the Triangle 40 8, 


that is, as A BN Z SCX AB MV to AB +3 2ZS; 


that is (dividing by A B as : ZS +; MV to 
3 Z f, or as ZS +3 MV to Z. But /L is 
made equal to; MV; and it has before been 
ſhewn that Z V is equal to MV; therefore Z L 
is equal to; MV. And therefore the Space con- 
tain'd under the Length in the Tangent de- 
ſcrib'd, and SV wou'd be to the Space contain'd 
by AB and ZS, as SZ+ZLto SZ; that is, 
S'L to SZ. And by applying the Antecedents 
of this Analogy to SV, and the Conſequents to 


S'Z, the Length in the Tangent deſcrib'd will 


| SL SZ 
b s —— — — x ” 
e to the Chord A B, as Sp 2 5 or Unity; 


that is as S L to SV. Moreover, (by Prop. 15.) the 
Velocity of a Comet deſcribing a Parabola, in 
the Height or Diſtance from the Sun SV is to 
the Velocity of it in the Height or Altitude SR, 
4 | in 

f 


- 
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in a ſubduplicate Ratio of SR to S; that is, 
as SL to SV: And the Lengths gone thro' in 
the fame Time, by moving Bodies carried equa- 
bly, are as the Velocities; therefore the Length 
in the deſcribed Tangent, is to the Length de- 
ſcribed in an equal Time (namely, the Time in 
which the Comet goes thro the parabolic Arc 
AV B) by the Comet equably moving on, with 
the Velocity that it has in the Altitude & R, as 
SL to SV. Since therefore the faid Length 
deſcrib'd along the Tangent has the ſame Ratio, 
(namely, that of SL to SF) to the Chord A B, 
as it has to the Length which the Comet wou'd 
go thro', moving with the Velocity that it has 
at the Altitude & R, during a Time equal to 
that in which the ſame Comet deſcribes the Arc 
AVB ; theſe Lengths will be equal to one ano- 
ther, namely, the Chord 4 B, and the Length 
gone  thro' by a Comet with the ſame Velocity 


that it has at the Altitude SR, and in the fame 


Time that the ſame Comet deſcribes the Arc 
AVB. & E. D. 978 


DORO TETARN T. 

If SF be very great in reſpect of L, the 
three Geometrical Proportionals SF, SL and 
SR, will be alſo nearly Arithmetically propor- 
tional; that is, L R will be equal to VL, or to 
the third Part of M; therefore VR will be 
nearly equal to half MY. And therefore a Co- 
met equably mov'd with the Velocity that it has 
in an Altitude or Diſtance from the Sun equal 
to SV +? M, and in the fame Time that it 
wou'd deſcribe the parabolic Arc AV B, wou'd 
go thro” a Length equal to A B, the Chord of 
the ſaid Arc. a2 
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PRO POSITION XXI. 


| | * the ſame Figure as before | vis. Fig. XVIII.) 


if a Comet from Reſt ſhou'd be let fall from 
the Height LS toward the Sun 8, and afterward 
fhowd be urg'd by the centripetal Force which it 


has at L, neither encreas'd nor diminiſh'd: {uch 
5 


a Comet, in half the Time that it wou'd deſcribe 


the parabolick Arc AV B, would deſcend along a 
Right Line equal to half the Length of the Right 
Line MV. ej | 

By the foregoing Propoſition in the Time 
that the Comet deſcribes the parabolic Arc 
AVB, if it ſhould move equably with the Velo- 
City that it has in the Parabola, at an Altitude or 
Diſtance from the Sun equal to SR, it wou'd 
deſcribe a Length equal to the Chord 4 B: But 
the Velocity of a Comet in a Parabola at the 
Altitude S R (by Prop. 16.) is to the Velocity of 
a Body going round in a Circle at the ſame Di- 
ſtance from the Sun, in the Circumference of 
which Circle it is retain'd by the Force of its 


Gravity, in a ſubduplicate Ratio of Two to 


One ; therefore the Arc, which a Body, carried 
in a Circle whoſe Semidiameter is SR, goes 
thro' in the Time that a Comet deſcribes the 
parabolic Arc 4 “ B, is to AB the Chord of a 
parabolic Arc, as 1 to 2, and therefore equal 


=D -- 
e but (by Corol. 1. Prop. 25. B. I.) any Bo- 
* 


dy let fall from Reſt towards the Sun, the ſame 
centripetal Force always acting (as is here ſup- 
pos'd) in half the Time that it goes thro' the 
Arc of a Circle deſcrib'd with that Diſtance from 
the Sun from whence it had fallen, as a Radius, 
it falls thro' a Space equal to the Square of 


half the ſaid circular Arc, (that is to the __— 
| | 0 


— 


Book V. of ASTRONOMY, 757 
of half 72 applied to the Diameter of the 


Circle or 2 & R; that is, to the Square of 72 


A M9 
SR Therefore the 


Space thro' which the Body, let fall from Reſt 

from the Height R 5, goes thro' in its Fall, in 

half the Time that a Comet will deſcribe the 
i ; A M4 

parabolic Arc AV B, is equal 9 Fx But Oy 


Prop. 42. B. I.) the centripetal Force, or the acce- 
lerating Gravity towards the Sun at the Diſtance 
L, is to the accelerating Gravity towards it at 
the Diſtance S R, as S RA to SLA; that is, by 
reaſon of the Proportionals SR, S L, V as SR 
to SV: And therefore ſince a Comet depriv'd 
of all Motion, and let fall from R, in half the 
Time that it wou'd deſcribe the parabolic Arc 
AV B falls towards the Sun, tho' a Space equal to 
A M9 


applied to 2 & R, or 


; it will in the ſame Time, being after the 


'4SR | 
. Manner let fall from L towards the Sun, go 


thro'a S | ni ys SR to ST: 
O A Space Which 1 FE hat: ; 
AM 


q 
that is, a Space equal to 157 Moreover, from 


the Nature of a Parabola, 48 is the Latus re- 
tum of the Diameter YM ; that is, the ws an 
contain'd under 4SV and V M is equal to the 


Square of A, therefore is equal to the 


q 
4SV 


| Right Line M: Therefore a Comet depriv'd 


of all Motion, and let fall from the Height L $ 
1 towards 


— * — 
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towards the Sun $, if it be urg'd by an accelera- - 


ting Force, or uniform Gravity, equal to that by 


which it was urg'd at the ſaid Altitude £L, in 


half the Time that it wou'd deſcribe the parabo- 
lic Arc AVB, will fall along a Right Line 8 855 
tao the Right Line / M. J: E. D. 
PROPOSTT TON XXII. Lemma. 
P om the Point 8, which is the Focus of the 

Parabola A VB, and the Center of the Circle 

Tit, be drawn the equal Right Lines SV aud 
St, and there be alſo drawn the Right Lines AB, 
s 7, Chords of the Arcs whoſe Vertices are V and 
= cutting the Right Lines S V, St, in the Points 
D and N, ſo that VD and t N may be equal, and 
very ſmall, in reſpect of the Right Lines 8 V and 
St; the Chord A B will be to the Diameter of the 
Square, whoſe Side is the Chord T, in a ſubdu- 
plicate Ratio of the Right Line St to the Nit 
Line 8 D. Fig. XIX.] 

Thro' 7 draw M parallel to the Axis of the 
Parabola, meeting with the Chord at M, and 
which (by Prop. 46. B. I. Conic.) will be the Dia- 
meter of 'the N AI B, whoſe Parameter is 
the Quadruple of the Right Line & I; therefore 
AM ASE VM. And ſince (by Prop. 35. El.3.) 
TN1=7$+SNxt N,equal to 2 SM N becauſe 

St=SN; then AM: M:: TINa: 25t X IN, 
therefore (by taking the Quadruples of the Ante- 
cedents,and by Permutation) the Analogy will be 
this, 4 BY: T1%:4SVxVM:287x7N. But (by 

what has been ſhewn in the Demonſtration of 
Prop. 20.) VM VD, and by Suppoſition VD = 
7N; therefore, by applying the third Term of 
the foregoing Analogy to M, and the fourth 
to? N, 4 B9:T,9::4SV: 2 5i; that is, (becauſe 
SV and St are equal by Suppoſition) 434: 
Zi :: 2 Sf: SV; that is, a82ST to SY or SD: 


and 
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and by doubling the Conſequents, 4 B 1: 2 x 
Ti :: 2 Sf: 25 D; that is, as D S to St: There- 
fore AB is to J 2 * Li in ⁊ ſubduplicate Ratio 
of Ft to SD. &. E. D. 
P RoposITION XXIII. LEMNIA. | 
IF about the Focus 8 be drawn any two Parabo- - 
la's, AGB, EGF, in which the Chords A B 
and E F being drawn, cut off Segments whoſe Ler- 
tices are C and G, in ſuch Manner that the Right 
Lines SCand S & cutting the forefaidChords in D 
and H, CD is equal to & H; I /ay, that AB is to 
EF in a ſubduplicate Ratio of the Right Line SC 
to the Right Line SG. | Fig. XX.] | 
Thro' C draw C M the Diameter of the Seg- 
ment AC B, and thro' & the Right Line & K, the 
Diameter of the Segment E CF, meeting with 
the reſpective Chords at Mand K. The Para- 
meters of thoſe Diameters are equal to the Qua- 
druples of SC, SG, ſhewn as before; and (by 
Prop. 49. B. I. Conic.) AMA will be = 4SCx CD 
and EX1=4SGCxCH: Whence 4 MA = is 
toEKI=4SCxCDto 45G Xx GH, that is, 
(by reaſon of the Equability of CD and & H 
as SC to SG; and therefore AM is to EK in 


a ſubduplicate Ratio of SC to S. Whence 


A (the double of AM) to EF (the double of 
EX) is in a ſubduplicate Ratio of SC to SC. 
PRO POSITION XXIV. 


Te deſcribe a Parabola about, a given Focus, 


in ſuch Manner that it may paſs thro two 
given Points. | Fig. XXI.] 2 
Let & be the given Focus, and A B, the two 


given Points chro' which the Parabola muſt paſs : 


About the Centers A and B, and with the Di- 
ſtances AS and BS draw two Circles, and (by the 
Conſtruction of the 118th Prop. of the jth Book 


of Pappus's Mathe mat. Collett.) draw the Right 


1 Line 
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Line CD touching each of them, on Which 
from the Point S let fall the Neuen SE, 
which muſt be biſſected at /. With the Vertex 
V, and the Axis /I A, and a Latus rectum equal 
to the Quadruple of the Right Line Y'S (by Prop. 
52. B. I. Conic. ) draw a Parabola, and it will be 
the Parabola requir'd. 

That S is the Axis of the deſcrib'd Parabola 
is plain from hence, that in the Axis of the Pa- 
rabola, it is diſtant from the Vertex of it the 
fourth Part of the Latus rectum; which is the 
well-known Property of the Focus of a Parabola. 
And that it goes thro' the Points A and B, is 
prov'd thus: The Axis X of the Parabola is 
produc'd beyond the Vertex to E, ſo that YE 


is equal to /S, the Diſtance of the Focus from 


the Vertex ; and thro E the Right Line CED 
is drawn perpendicular to the Axis of the Para- 
bola, and the Point A is fuch, that A S, its Di- 
ſtance from the Focus, is equal to A 2 which 
(by Prop. 18. El. 3.) is a Perpendicular drawn 
from 4 to the Right Line CD: Whence (by 
Corol. 2. Prop. 14.) the before-deſcrib'd Paraboſ, 
goes thro” A, and 1 the ſame Reaſons it goes 
alſo thro' B. 


This Problem = 10 have been look'd upon 


as ſolv'd by the 26t x pn of the Third 
Book, as was there obſerv'd ; but, by reaſon of 
its great Uſe, we have put it in this Place. Two 
Points given in a Parabola do the ſame here, as 
three Points given there in an Ellipſis, becauſe 
the Ratio given in every Parabola between the 
Latus rectum, and the Latus tranſverſum, is e- 
quivalent to one Point. It is not neceſſary to 
make Uſe of a Trigonometrical Calculation to 
determine the Parabola's Vertex, Parameter, c. 


for they will be eaſily found by the latter Part of 


the 26th Propoſition of the 3d Book. PRo- 
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1 


PRO Ootrien XXV. 
TRom ſome Places of a Comet obſerv d, to find 
ite Place for any intermediate Time given; 
and to determine the Time in which it ſhall be in 
any intermediate Place. | Fig. XXII.) 

Let the Line V 123 be the apparent Way of a 
Comet, and the obſerv'd Places 1, 2, 3, 4, 5, 6, 7, 
in ſuch Manner that an equal Space of Time may 
be ſpent betweegehe Moments that a Comet was 


obſerv'd 1 ats 1 and 2, and that during 
which it. to 3, or from 3 to 4, or 
from 4.8 n. Let ſuch a Time be 
call'd rſt Differences of thoſe Pla- 


- 5 
- F "EY 2 
2 OS 


ces from Nd Point Y, viz. V 1, V 2, 3, 
V 4, V 5, Sc. be taken (as is uſual with Aſtro- 
nomers) that is, the Arcs 12, 23, 34, 45, Ec. 
which we ſhall call 4, B, C, D, E, F. Again, take 
their ſecond Differences, or the Differences of 
the firſt Differences, namely, &, H, K, L, M; and 
then the Differences of thoſe ſecond Differen- 
ces, or of the Arcs Y 1, Y 2, Y 3, Sc. the third 
Difference P, Q, R, S; and ſo on, till we come 
to Differences equal to Nothing, namely, the 
Differences of equal Differences immediately 
preceding. Every one of the equal Times 
ſpent in going thro* the Arcs 4, B, C, Ec. 
(namely 7) muſt be ſuppos'd divided into any 


Number of equal Parts, (the more of them the 


more accurate the Thing will be) and let an 
Arc, gone thro' by a Comet in any Time T, be 
divided into as many Parts as T is divided, in 
ſuch Manner that the Differences of thoſe Parts 
reckon'd from V, ſimilar to the Differences of 
VI., 2, / 3, Y 4, Cc. may be equal to Nothing; 
and let them, being encreas'd or diminiſh'd, go 
on in the ſame Order, towards the ſame TY, 
an 
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Line C D touching each of them, on which 
from the Point & let fall the Perpendicular & E, 
which muſt be biſſected at /. With the Vertex 


V, and the Axis /A, and a Latus rectum equal 


to the Quadruple of the Right Line & (by Prop. 
52. B. I. Conic.) draw a Parabola, and it will be 
the Parabola requir'd. 

That & is the Axis of the deſcrib'd Parabola 
15 plain from hence, that in the Axis of the Pa- 
rabola, it is diſtant from the Vertex of it the 
fourth Part of the Latus rectum; which is the 
well-known Property of the Focus of a Parabola. 
And that it goes thro* the Points A and B, is 
prov'd thus: The Axis TX of the Parabola is 
produc'd beyond the Vertex to E, ſo that YE 
is equal to /S, the Diſtance of the Focus from 
the Vertex; and thro' E the Right Line CED 
is drawn perpendicular to the Axis of the Para- 
bola, and the Point A is ſuch, that A 5, its Di- 
ſtance from the Focus, is equal to AC, which 
(by Prop. 18. El. 3.) is a Perpendicular drawn 
from 4 to the Right Line CD: Whence (by 


Corol. 2. Prop. 14.) the before-deſcrib'd Parabola 


goes thro* A, and for the ſame Reaſons it goes 
moth B EET.” | ; 
This Problem might have been look'd upon 
as ſolv'd by the 26th Propoſition of the Third 


| Book, as was there obſerv'd ; but, by reaſon of 


its great Uſe, we have put it in this Place. Two 
Points given in a Parabola do the ſame here, as 
three Points given there in an Ellipſis, becauſe 
the Ratio given in every Parabola between the 
Latus reffim, and the Latus tranſverſum, is e- 


quivalent to one Point. It is not neceſſary to 


make Uſe of a Trigonometrical Calculation to 
determine the Parabola's Vertex, Parameter, Ec. 
for they will be eaſily found by the latter Part of 
the 26th Propoſition of the 3d Book. Px0- 


Book V. of ASTRONOMY. 761 


PROPOSITION XXV. 


T'Rom ſome Places of a Comet obſerv'd, to find 
4 its Place for any intermediate Time given; 


aud to determine the Time in which it ſhall be in 


any intermediate Place. | Fig. XXII.) 
Let the Line 123 be the apparent Way of a 


Comet, and the obſerv'd Places 1, 2, 3, 4, 5, 6, ), 


in ſuch Manner that an equal Space of Time may 
be ſpent between the Moments that a Comet was 


obſerv'd in the Points 1 and 2, and that during 
which it moy'd from 2 to 3, or from 3 to 4, or 


from 4 to 5, and ſo on. Let ſuch a Time be 


call'd T. Let the firſt Differences of thoſe Pla- 


ces from the fix'd Point V, viz. WI, V 2, 3, 
V 4s V 5, &c. be taken (as is uſual with Aſtro- 
nomers) that is, the Arcs 12, 23, 34, 45, Oc. 
which we ſhall call 4, B, C, D, E, F. Again, take 
their ſecond Differences, or the Differences of 
the firſt Differences, namely, C, , K, L, M; and 
then the Differences of thoſe ſecond Differen- 
ces, or of the Arcs Y 1, Y 2, Y 3, Ec. the third 
Difference P, Q, R, S; and ſo on, till we come 


to Differences equal to Nothing, namely, the 


Differences of equal Differences immediately 
preceding, Every one of the equal Times 
ſpent in going thro' the Arcs 4, B, C, &c. 
(namely 2) muſt be ſuppos'd divided into any 
Number of equal Parts, (the more of them the 
more accurate the Thing will be) and let an 
Arc, gone thro' by a Comet in any Time 2, be 
divided into as many Parts as T is divided, in 
ſuch Manner that the Differences of thoſe Parts 
reckon'd from V, ſimilar to the Differences of 
VI. 2, 3, Y 4, Cc. may be equal to Nothing; 
and let them, being encreas'd or diminiſh'd, go 
on in the ſame Order, towards the ſame yy. 
an 
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and ſo one of them, being in the Middle, may 
be contain'd as often in the whole Arc, as the 
'Fime, which belongs to it here, is contain'd in 
the whole Time, which will be eaſy for any one 


that underſtands Aſtronomical Calculations : 


As for Example, if the third Differences of the 
given Arcs Y 1, Y 2, V 3, Y 4, c. are found 
to be equal to Nothing; then from TY to the 
Diviſions of A, B, C, Ec. of the computed Arcs, 
the third Differences are alſo equal to Nothing; 
if in the other Caſe only, the fourth Differences 
are equal to Nothing ; here the fourth Diffe- 
rences will alſo vaniſh, and ſo of the reſt ; and 
the Points of Diviſion of the Arcs will be the 
Places of a Comet, analogous to the Moments of 
Time: But the intermediate Arcs may ſafely be 
reckon'd to be gone thro* equably by a Comet. 
For thus it will happen, that every Arc 12 

23, 34, 45, will be gone thro' by the Comet, 
mov'd after the ſame Law that it moves thro? the 
whole Arc 17: For from the Conſtruction every 
one of the foreſaid Arcs, and every Part of them 
containing as many Parts, as the Arc 17 con- 
tains of the Parts 12, 23, 34, Sc. is divided af- 
ter the ſame Manner, as the Arc itſelf in the 
Points 2, 3, 4, 5, 6; and as the Times between 


the Moments, at which a Comet comes to thoſe 


Points, are equal, as alſo thoſe in which the 
Arcs 12, 23, 34, 45, &c. are deſcrib'd ; it is 
plain that a Comet will come to the found 


Points, in Times agreeable to the known Times, 


becauſe a Comet is mov'd after the ſame Tenour 
when it deſcribes any of thoſe Arcs, as it was 
mov'd when it deſcrib'd the preceding, or fol- 
lowing Arcs, which plainly happens in every 
natural Motion. But the Moments of Time 
being known, that a Comet comes to known 
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Points, and it being beſides ſuppos'd that a Co- 
met goes equably thro* the little intermediate 
Arcs, which may ſafely be allow'd, if theſe Arcs 
(namely the Parts of the Arcs 12, 23, 34, 45, 
Sc.) be {mall enough, that is, if T be ſuppos'd 
divided into a Number of Parts great enough ; 
any intermediate Time being given between the 


Moments that a Comet was at the Points 1 and 7, 


the Place which the Comet is in will be known: 
And on the other Hand, the Time will be known 
when the Comet comes to a given Place be- 


tween 1 and 7. 


SHA ; 


Aſtronomers commonly make the foreſaid 
Time T a natural Day. But if a Comet cannot 
be exactly obſerv'd, after 24 Hours are paſs'd, 
they reduce the Place that it is obſerved to be in 
one or two Hours before, or after, to the End 
of the natural Day, ſuppoſing the Motion made 
in the mean Time to be equable, which in ſo 
{mall a Time can cauſe no ſenſible Error. In this 
Practice they divide the natural Day, or the 


Time expreſs'd by T in the Propoſition, into 


four Parts, or Parts of fix Hours, which they ſup- 
poſe enough, unleſs the Motion of the Comet 
be very much accelerated or retarded, and they 
wou'd proceed very exactly; in which Caſe they 
divide that Time, (at leaſt thoſe fix Hours in 
which the given Time is found, for which the 
Comet's Place is requir'd) into Hours, and at 
laſt very ſafely ſuppoſe that the Motion of a Co- 
met, during one Hour, is equable. 4 
It often happens that in the moſt exact Ob- 
ſervations of a Comet, the third Differences of 


the Places reckon'd from a fix'd Beginning, 


which are denoted in the ſaid Fig. 24, by 70 Q. 


* 29, 


— n * 
ron em caddn. 04 


— 


— — 


_— 2 
" — 


Er = 

py TR. * — pore es ons: 

hr bd — —_ Se EP Flr 2 * 2 — 
= l * 1 a 1 Ds — 


n 1 W ACE 


- nd ak 
q 
Ve 


2 i. 


R, , are equal to Nothing, or that their ſe- 
cond Differences &, H, K, L, M, that is, the 
firſt Differences of the Arcs A, B, C, D, E, F, are 
equal to each other: Therefore Aſtronomers 
divide the Arc, which a Comet goes thro' in 24 
Hours, into 24 Parts, ſuch that the Arc, which 
belongs to the 12th Hour, ſhall be the 24th Part 
of the Arc which the Comet is obſerv'd to go 
thro' in the Space of a natural Day; or rather 
(ſince this Arc is not preciſely in the Middle, but 
together with the Arc of the following Hour, 


takes up the middle Place) the Diviſion is made 


in ſuch Manner, that the two Arcs belonging to 
thoſe two Hours taken together, ſhall make a 
twelfth Part of the Arc deſcrib'd in the ny of 
a natural Day, and ſo that the firſt Di 

of thoſe Parts ſhall alſo be equal to each other, 
or there ſhall be no ſecond Differences; and at 
laſt the greater Parts ſhall be on the ſame Side, 
in reſpect of the Leſſer, as they are in the Arcs 
A, B, C, D, E, F, and to every Hour they give 
one of thoſe Parts in the ſame Order. For it 
will by that means happen, that a Comet being, 
after the ſame Tenour, fimilarly accelerated or 
retarded, ſhall deſcribe any Arc in the Space of 
one Day, as it deſcrib'd the Arc 15 in the Space 
of four Days: For there is only Need of the Ob- 
ſervations of four Days, near one another, to 
know whether the Differences of the Arcs, 12, 
23, 34, 45, are equal to each other. And if the 
propos'd Time falls between four other Days, 

they again inveſtigate what Differences become 

equal; and ſo go on as before. _ 

This Method is not only made uſe of to de- 

termine the Place of a Comet in its apparent 

Way for an intermediate Time, but alſo (if you 

you divide the Motion of a Comet into that of 

f | Lon- 
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g Longitude and that of Latitude, Right Afcen- 


their ſe. fion and Declination; as is uſual, or any Way 
ar the elſe) that from ſome of its Places obſerv'd, ac- 

25/p 919 ; any of theſe Circumſtances, its Place 
YNnomers E re, 


o in 24 


which termediate Time given: For here it is only ſup- 
7 


pos'd that the Comet's Motion, conſider d ac- 
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may be found, according to the ſame, for an in- 


ch Fart cording to any Direction, goes on after the ſame 
1 to go Tenour for any one ſingle Day, as it does for ſe- 
„ rather veral Days before and aſter it. | 
ale, but This Way of proceeding by Differences is ve- 
Hour, ry uſeful alſo in many other Things, (as for Ex- 
Ae d ample, for calculating Tables to ſmaller Diviſi- 
3 ons) which have been treated of at large by the 
NAKE & Reverend Father Gabriel Mouton of Lyons, who 
PETE of teaches the Manner of working by theſe Diffe- 
et , rences in his Book of Obſervations of the appa- 
other, rent Diameters of the Sun and Moon. | 
and at | 
Side, PROPOSITION XXVI. | 
f Ar 2 determine by Obſervation the Trajectory of a 
Se Comet moving in a Parabola. | Fig. XXIII.] 
A* 5 Let & denote the Sun, Tr the Orbit of the 
gs Earth : Chooſe three Obſervations, diſtant from 
Fog Of one another almoſt equal Intervals of Time, yet 
ace of ſo that the Time may be greater where the Co. 
Space met moves the ſlowelt : Let the Points T, 7 and 7 
dog be Places of the Earth for the ſaid Times ; that 
LE ng is, Ta Place of the Earth at the firſt Obſerva- 
2 tion, t a Place at the ſecond Obſervation, and 
if the at the third. If ſuch Obſervations are not 
th given, the Place of the Comet is (by Prop. 25.) 
N to be found for One Time in thoſe Circumſtan- 
4 ces, in reſpect of two other Times at which the 
mes Places agreeable are obſerv'd. Join T, and 
: =— from 7 let ? N fall perpendicular to it: Let the 
fe Right Lines T4, f C, 7 B, be three obſerv d Lon- 
_ gitudes ; 
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gitudes; therefore theſe three Right Lines are 
given in Poſition. In that of them 7 C which is 
in the Middle, take any where the Point C for 
the Trace of a Comet's Way in the Plane of the 
Ecliptic: From C, to the Plane of the Ecliptic, 
draw perpendicularly the Right Line Cy equal 
to the Tangent of the known Latitude of the 
Comet in the ſecond Obſervation, # C being 
ſuppos'd the Radius: Join > , C, in the 
laſt of which, towards , take CD in ſuch 
Manner that it may be to the known Line ? N, 
(which is the vers'd Sine of the known Arc 27) 
as a Solid, whoſe Baſe is the Square of S:, and 
Altitude a Right Line SC, to the Cube of the 
Right Line S: Thro' the Point D draw (by 
Prop. 8.) the Right Line ADB meeting with T.4, 
7 Bat A and B, ſo that AD may be to DB, as 
the Time between the firſt and ſecond Obſerva- 
tion is to the Time between the ſecond and third ; 
and A and B will be nearly the Trace of the Co- 
met's Way in the Plane of the Ecliptic in the 
firſt and third Obſervation, if the Point C 
rightly taken be its Place in the ſecond Obſer- 
vation. Becauſe, by Suppoſition;C is the Trace 


of the Comet in the Plane of the Fcliptic in the 


| ſecond Obſervation, and Cy the Tangent of 
the Latitude obſerv'd from t, the Radius being 
C; it is plain, that 7 is the Comet's Place in 
the Mundane Space, and y the Diſtance of a 
Comet from the Sun in the ſecond Obſervation. 
Thro' D draw D/ parallel to Cy, which (by 


Prop. 8. EI. 11.) is perpendicular to the Plane of 
the Ecliptic, and is found in the Plane of the 


Triangle SCy : Let it meet S at J. The Ratio 
of the Right Line », to the Right Line ? N, is 
compounded of the Ratio of 7, to CD, and the 
Ratio of CD to 7 N: But (by Prop. 2. £1. 6,) 7 
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is to CD as & to CS, and CD is to Nas 
Sta x SC to the Cube of the Right Line S 
whenc / is to t N in a Ratio compounded of 
$, to C Sand the Ratio of Sr SC to the C 

of the Right Line S %: And the Ratio, com- 
unded of theſe two, is the ſame with the Ra- 
tio of $79 to $'y 4; and therefore is tot Nas 
Sta to $49. But (by Corol. 1. Prop. 25. B. I.) N 
is nearly the Space thro* whichthe Earth, being 
let fall from Reſt, wou'd, by the Force of its Gra- 
vity, fall towards the Sun, during the Time that 
it deſcribes half the Arc Ti, if it was every 
where urg' d with the ſame accelerating Gravity 
uniformly continu'd which acted upon it in the 
Place t, becauſe ? N is nearly equal to the Square 
of the Arc Ti applied to the Diameter of the 
Magnus Orbis: And from B. I. the accelerating 
Gravity towards the Sun in the Place z, is to the 
accelerating Gravity towards it in the Place 9, 
as Sy A to StA, namely, in a duplicate recipro- 
cal Ratio of the Diſtances from the Sun, and the 
Spaces which are gone thro' downwards towards 
the Sun in the ſame Time, by the Action of thoſe 
Forces, are in the ſame Ratio as theſe Forces; 
and therefore the Right Line is the Space 
thro' which the Comet let fall from Reſt at „ 
towards the Sun wou'd fall, in half the Time 
that the Earth deſcribes the Arc Ty, if it was e- 
very Way acted upon by the ſame accelerating 
Gravity uniformly continu'd as it is urgd by, 
in the Place'y ; then y © will be nearly the Space 
which a Comet, by its Fall towards the Sun, would 
really deſcribe in half the Time that the Earth 
deſcribes the Arc Ti of its Orbit; that is, in half 
the Time that a Comet deſcribes an Arc of its 
Trajectory, intercepted between the two Longi- 
tudes T A and 7B ; and therefore the Point ꝙ is 
in 


in the Chord of that Arc. And therefore, if as 
well the Traces of < y 5, the Arc aforeſaid of the 
T rajectory, intercepted between the Ends of the 


obſerv'd Lengths TA and 7 B, as the Traces of 


the Point / be conceiv'd in a Plane by letting fall 
Perpendiculars to the Plane of the Ecliptic,name- 
lyACB and D; the Point D wou'd be in the 
Chord of the Arc AC B. But the Chord of the 
Arc ACB is ſuch (by Coro). 2. Prop. 18.) as to be 
divided by SC almoſt in a Ratio of the Times in 
which the Comet reduc'd ro the Ecliptic de- 
ſcribes the Arcs AC, CB; and, by Conſtruction, 
the Right Line AD is divided in the ſame Ratio, 
and it is the only Line which can be drawn with 
theſe Conditions. Since then the Chord of the 
Arc, which is the 'Trace of Part of a Comet's 
Trajectory intercepted between the Ends of the 
Lengths TA, 7 B, muſt be terminated by the Right 
Lines TA, 7 B, and go thro' D, and be divided at 
D in a Ratio of the two Times between the three 
Obſervations ; and ſince the Right Line A D B 
has all theſe three Conditions, and is the only 
Line which has theſe Properties ; it is plain that 
the Right Line A D B (drawn as before-men- 
tion'd) is the Chord of the ſaid Arc, therefore 
the Points A and B are nearly the Trace of the 
Way of a Comet in the Plane of the Ecliptic in 
the firſt and third Obſervations, if C be its true 
Trace in the ſecond Obſervation. | 

But, becauſe the Point C is not taken near 
enough, and tho” it had been the true Point, yet 
the Points A and B, deduc'd from it, are not ac- 
curately enough defin'd ; we muſt from theſe, 
however irregularly determin'd, correct all at 
laſt. For which End, in Fig. XXIV. (where the 
{ame Conſtruction is ſuppos'd as in the foregoing, 
leaving out only ſuch things as were n 


to 
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to prove the things above, for avoiding Confu- 
ſion) at M the middle Point of the Right Line 
AB, raiſe M.I perpendicular to A B, which the 
Right Line C 7 will meet with in IJ, being drawn 
through C, parallel to BA; draw C cutting 
AB in K, and compleat the Parallelogram 
MIV K; and take M the triple of MK: 
Draw & and produce it to E; till Q E be equal 
to 32S +3 1K The Point E being deter- 
min'd, let the Signs or Letters A, M, D and B, 
be ſuppos'd blotted out; let CE be join'd, and 
in it, towards E, take the new CD in a dupli- 
cate Ratio of the Right Line SC, to a Right 


Line equal to S IK, and thro? the Point 


D lately found (by Prop. 8.) draw a new Line 


AB, terminated at TA and v B, in ſuch Man- 
ner; that 'A D may be to BD, as the Time be- 
tween the firſt and ſecond Obſervation, to the 
Time between the ſecond and third Obſervati- 
on; the Points A and B will be more accurately 
the Trace of the Comet in the Plane of the E- 
cliptic, at the firſt and third Obſervation, than 


before, if the Point C be ſo rightly taken as to 


be its Trace in the ſecond Obſervation. Let us 


imagine, from every Point of the Comet's Tra- 
jectory Perpendiculars, to be let fall on the 
Plane of the Ecliptic, or (what is the ſame) let 


us imagine that a Cylindric Surface is rais'd per- 


pendicularty upon the Plane of the Ecliptic, and 
goes thro' the Comet's Trajectory ; by the Points 
mark'd on the Plane of the Ecliptic, by the a- 
foreſaid Perpendiculars, will be drawn Cor the 


common Section of the ſaid cylindric Surface 
with the Plane of the Ecliptic will be) a para- 


bolic Curve A CB, whoſe Focus is &, or a Curve 
very little different from a Parabola: The Chord 
bf that Arc A CB comprehended (as we have be- 
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fore ſhewn) between the Right Lines TA, B, tt 
is nearly the Right Line AB, drawn before, w 
whoſe middle Point is A. And, as in the ſaid vi 
Arc, the Point C is taken not far from ther Ver- 3 
tex of the Segment AC B, (for, for that Reaſon the of 
Times of theſe Obſervations are taken at almoſt L. 
equal Intervals from one another, yet in ſuch be 
Manner that that Time may be ſomething great- ſu 
er where the Comet moves ſlower) and a Right av 
Line is drawn parallel to B 4, meeting with a dr 
Perpendicular drawn from M to 4B at J, and to 
I drawn cutting AB in K, and the Parallelo- of 
gram 1 M K Vcompleated ; and fince, moreover, re: 
upon Account of the immenſe Diſtance of the Sq 
Sun, the Diſtance of the Points M and V vaniſh-- $] 
es in Compariſon of it, that is, the ſaid Points As 
coincide ; (by Corol. Prop. 19.) is the Vertex in 
of the Segment AC B. If VS be drawn cutting the 
the Chord at J (by reaſon of the jmmenſe Di- (b. 
ſtance of the Point ) V7 will be nearly paral- wa 
lel to IK, therefore K 7, equal to IV, and there- tin 
fore to MK ; but, by Conſtruction, MS is the the 
triple of MK, whence it is alſo triple of X7, An 
and therefore alſo of the remaining 79; for in 
which reaſon (by Corol. 2. Prop. 18.) Q being ma 
drawn, is the ſame as &, in Prgp. 18. and in its the 
Corollaries, that is, in && produc'd towards &, the 
you find the Point E, from which any Right gon 
Line, being drawn cutting the Chord AB, and the acc 
Arc 40 B, cuts the Chord into Segments, that Pla 
have. to one another the Ratio of the Times, in deſc 
which the adjacent Arcs are deſcrib'd by a Co- TA 
met. Moreover, by Conſtruction, & E is equal tow 
to.3QS + 31K, and I K equal to MV (they acti 
being the Diameters of the ſame rectangular Pa- of tl 
rallelogram;) whence Q is equal to 3 Q den 
3 M. And therefore (by Coro). 3. Prop. 18.) is ec 


the 
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the Point E above determin'd is the ſame; from 
which a Right Line, being drawn any how, di- 
vides the Chord 4 B into Segments, having the 
{ſame Ratio as the Times, in which the two Parts 
of the Arc AB, mark'd out by the ſame Right 
Line produc'd, are deſcrib'd by a Comet, which 
before we had falſly (tho' not too erroneouſly) 
ſuppos'd of the Focus 8. Having therefore, to 
avoid Confuſion, rubbed out the former C D, 
drawn towards , a new Line muſt be drawn 
towards E, which is to the former as the Square 
of SC, to the Square of SY ; IA, that is (by 
reaſon of the equal Lines IX and MY) to the 
Square of S; MV; and SC is nearly equal to 
SV: Wherefore the new CD is to the former CD 
as the Square of to the Square of I, ſuppo- 
ſing VL to be the third Part of MV or IA, as in 
the Conſtruction of Prop. 20, and Prop. 21. But 
(by Prop. 42. B. I.) the accelerating Gravity to- 
wards the Sun, in the Place L, is to the accelera- 
ting Gravity towards it in the Place C (or “) as 
the Square of SC (or S to the Square of SL: 
And as the accelerating Gravities towards the Sun 
in different Diſtances, ſo are (the ſaid Force re- 
maining) the Spaces run thro' by falling towards 
the Sun, during the ſame Time; and therefore 
the new C D is to the former CD, as the Space 
gone thro” by falling towards the Sun (the ſame 
accelerating Force acting, which acted at the 
Place E,) during half the Time that the Comet 
deſcribes the Arc intercepted between the Length 
TA and v, is to the Space gone thro' in falling 
towards the Sun, the ſame accelerating Gravity 
acting, which acted at C. But the Conſequents 
of this Analogy are equal, therefore the Antece- 
dents are alſo equal; that is, the new drawn C 
is equal to a Space gone thro? by a heavy Body 
N falling 


. 
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falling towards the Sun, half the Time that a 
Comet deſcribes the Are 4 C in the Ecliptic, 
by the Action of the ſame accelerating Gravity, 
which obtain'd at the Diſtance SL from the Sun 
uniformly continu'd. But (by Prop. 21.) the 
Space, thro' which a Body falls towards the Sun, 
in half the 'Time that a Comet deſcribes the Arc 
AVB, (for now we conſider the Motion of a 


Comet, as made in the Plane of the Ecliptic, 
looking at the Mark of a Comet's Trajectory in 


the Ecliptic, inſtead of the Trajectory itſelf) 


when it is urg'd by the ſame accelerating Gra- 
vity towards the Sun, which acted at L, uni- 
formly continu'd, is equal to / Z, the Segment 
of the Right Line VS, intercepted between the 
Vertex V, and the Chord 4 B; therefore nearly 
equal to the Segment C E of C D intercepted be- 
tween the Point C (near to ) and the Chord 
AB. Whence the Point D is in the Chord 4 B 
much more accurately than before; that is, the 
Chord of an Arc, which, in the Plane of the E- 
cliptie, is the Trace of a Comet's Trajectory, in- 
tercepted between the Lengths TA and v B, goes 
nearly thro' the Point D, determin'd laſt. More- 
over, (by Prop. 18.) the foreſaid Chord, drawn 
thro*' D, muſt have ſuch a Situation between 24 
and 7 B, that AD may be to DB as the Time 
in which a Comet deſcribes an Arc of the Eclip- 
tic between the LengthsTA and TC, to the Time 
in which it deſeribes the Arc intercepted be- 


tween C and 2B: But AB is (by Prop. 8.) 


drawn in ſuch Manner thro' D, that AD is to 
D in that ſame Ratio, namely, as the Time be- 
tween the firſt And ſecond Obſervation is to the 
Time between the ſecond and third; therefore 
AB is rightly drawn, and as it ought to be, name- 
ly, going. thro' D, and divided at P, as is _ be- 
iT I Ed ore, 
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fore. And therefore, ifthe Point C is rightly taken 
for the Trace of theComet'sPlace at theſecondOb- 
ſervation, the Points Aand B are nearly theTrace 
of its Place at the firſt and third Obſervations. _ 
Now what remains (Fig. XXV.) is to know, 
whether the Point C in the Middle of the Lengrh 
be the Trace of a Comet rightly taken ; if not, 
the Error ariſing from it muſt be corrected, the 
other things hitherto done remaining unalter'd. 
Having rubb'd out the former Parallelogram 
IMK, made on the former leſs accurate Chord 
AB, make another on the laſt and more accurate 
Chord AB with the ſame Conſtruction as before. 
From A, M and B draw A, Mu and Bs, of 
which let A be the Tangent of the known Lati- 
tude in the firſt Obſervation for the Radius TA, 
and Bę the Tangent of the Latitude at the third 
Obſervation for the Radius 7 B : Draw a #, with 
which My meets at «. If the Trapezium A B 
be erected perpendicularly to the Playe of the 
Ecliptic, the Right Line AB remaining, the Points 


æ and “ (as was before ſhewn) are the Places of 


Comet in the Mundane Space, if the Point C is 
its Trace in the Plane of the Ecliptic in the ſe- 
cond Obſervation, and the Plane going thro' the 
three Points &, & and , be the Plane of the Co- 
met's Trajectory: Therefore the Right Line = 3 
is the Chord of the Arc of the Parabolical Tra- 
jectory, gone thro* by the Comer between the 
firſt and third Obſervation, and S & are re- 
ſpectively the Diſtances of a Comet from the Sun 
at the firſt and third Obſervation, that is, the true 
Diſtance of every Point of the Comet's Trajecto- 
ry, from the Sun, is the Hypothenuſe of the re- 
ctangular Triangle, one Side of which is the Di- 
ſtance from the Sun of the Trace of that Point 
in the Plane of the Ecliptic, and the other a Per- 
Uuu 3 pendicular 


* 
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pendicular drawn from that Point on the Plane 
of the Ecliptic, to the Point which terminates 
the Trajectory. As ſame of theſe Perpendicu- 
lars are longer, as BY, and ſome ſhorter, as 
A, take a middle one between thoſe, as for Ex- 
ample, Mu; and commonly ſpeaking, the Di- 
ſtance of any Point of the Comet's Trajectory, 
from the Sun, will be nearly the Hypothenuſe 
of a Rectangular Triangle, one Side of which is 
the Diſtance of the analogous Point deſcrib'd in 
the Trace of the Trajectory, and the other the 
Right Line M itſelf. Which being done, in 
M A (or M A produc'd) take M equal to SV 


＋ IK, that is, equal to SR, ſuppoſing L R 


equal to LV, and draw H; this Line will be 
nearly equal to the Diſtance from the Sun, of 
a Point of the Traje ctory (whoſe Mark is V) 
encreas'd by the Double of the.Right Line, in- 
. tercepted between the Point and the Chord of 
the Arc of the Trajectory, namely, in the 
erected Trapezium AB *® -, that is, the Right 
Line H is equal to a Right Line in the Plane 
of the Comet's Trajectory, analogous to FR in 
its Trace in the Plane of the Ecliptic, that is, 
Hu is equal to the Right Line SR, in the Para- 


bola of Prop. 20. By the Corollary of the 17th 


Propoſition, let the Velocity of a Comet, when 
it moves in its Parabolical Trajectory, at a Di- 
ſtance from the Sun, equal to the Right Line 
H, be compar'd with the Velocity of the 
Earth towards the Sun, and the Line which the 
Comet, moving equably with the ſaid Velocity, 
wou'd go thro' in the whole Jime that the Earth 
deſcribes the Arc T7 7, or in the whole Time 
that a Comet goes thro' the Arc ACB in the 
Ecliptic, be defin'd in Parts of the Arc Tt + de- 
. fcrib'd by the Earth at the ſame Time; which 


may 


may be eaſily done in the following Manner. 
By Calculation, ſubtract the Length of the Arc 
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Tt, deſcrib'd by the Earth between the firſt 
and third Obſervation, ſuppoſing any round 
Number for the mean Diſtance of the Earth from 
the Sun ; a Length (as for Example Z,) which 
is to this Arc in a ſubduplicate Ratio of the Di- 
ameter of the Maguus Orbis, to the known Right 
Line Hy, and which therefore is given, is the 


Length required; namely, that which a Comet 


equably carried with the ſame Velocity that it 
has, when it deſcribes its parabolic Trajectory 
at a Diſtance from the Sun, equal to H, wou'd 
go thro' in the Time that a Comet does really 
go thro' an Arc, whoſe Chord is 46: For (by 
Prop. 17.) the Velocity of a Comet, at the ſaid 


. Diſtance H, is to the Velocity of the Earth in 


the above-mention'd Ratio. But (by Prop. 20.) 
the ſaid Length Z is equal to the Chord of an 
Arc which a Comet does really deſcribe in that 
Time: 'Therefore if Z be found equal to the 
Chord = &, it is certain that the Point C in the 


Longitude obſerv d the ſecond Time, was rightly 
taken for the Comet's Place; therefore A, C and 


B, are the three Places of the Comet in the 
Plane of the Ecliptic. | 

If Z be not found to be equal to the Right 
Line « 6, that is, if the Point C be not rightly 
taken in 7 C the Longitude obſerv'd the ſecond 
Time; in a? (or produc'd if Occaſion require) 
take 2, 37 equal to Z, take alſo 4 F, BP, equal 
to 4 2, , in ſuch Manner, that Fand e may be 
on the ſame Side of the Right Line Aa, and P 
and = on the ſame Side of the Right Line Bs. 
Then, by the ſame Method, that from the afſum'd 
Point C, were found the Points 4, B, D, F, P, 


from other aſſum'd Points 2 C and 3 C, find the 
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new ones 2A, 2 B, 2D, 2 F, 2P., and 3 4, 3 B, 
3 D, 3 F, 3 P, as in the 26th Figure; where the 
fame Things remaining, and the ſame Letters 
being us'd as before, thoſe Things are only left 
out, of which we have no more Occaſion to ſpeak. 
If Z be leſs than , or AF, or BP leſs than AB 
(as it happens in this 26th Fig.) the Point 2C 
muſt be taken nearer to the Point (in which 
TA and - B meet;) and ſo on, if at leaſt 3 A, 
3 F, be greater than 3 A, 3 B: But if on the 
Contrary, A be greater than A B, f 2 C muſt be 
taken greater than? C; and ſoon, if at leaſt 3 A, 
3 F, be leſs than 3.4, 3 B. Thro' the Points F, 
2 Fand 3 Fdraw a Circle, which cuts the Right 
Line 7 B between Band 3B ; as for Example in 
O, if the new Points 2C, 3C, be taken in the 
Manner before ſhewn. Likewiſe thro' the Points 
P, 2P and 3 P, draw a Circle cutting the Right 
LineT Ain X; the Points O and X will be the 
Places of a Comet reduc'd to the Ecliptic, or 
the Traces of the Comet at the firſt and third Ob- 
ſervation. For it has been above demonſtra- 
ted, that the Points A and B are the Traces of 
the Comet in the Plane of the Ecliptic, at the 
firſt and third Obſervation, if C be its Trace in 
the ſecond: The ſame does likewiſe obtain in 
2 A, 2 B and 2 C; and alſo in 3 4, 3 B and 3 C. 
It is alſo demonſtrated that C is truly the Mark 
of the Comet's Place in the ſecond Obſervation; 
if Z be equal to 6; that is, if either of the 
Right Lines AF and B be equal to AB; that 
is laſtly, if the Points B and # coincide, and 4 
and P. And therefore, if ('Things remain as be- 
fore) the Points B and F'coincide, ſuch a Point 
B will be the Mark of the Comet at the third 
Obſervation : Likewiſe when A and P coincide, 
ſuch a Point A will be its Mark at the firſt Ob- 

. ſervation. 
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ſervation. And, to make theſe coincide, thro' 
the three rightly found Points F, 2 F, and 3 F, 
a Circle is drayn, that is, a very ſimple Line go- 
ing thro' three Points, cutting the Right Line 
7 Bin O. Since then the Point O is as well in 
the Place of the Point B, namely, in the Right 
Line 7 B, as in the Place of the Point F, name- 
ly, in a Circle; when the Point B happens to 
be at O, the Point # will alſo be there, that is, 
in that Caſe the Points B and EF will coincide ; 
and therefore the Point O js the true Mark of 
the Comet in the Plane of the Ecliptic at the 


third Obſervation, all the requiſite Conditions 


agreeing with ir. Likewiſe, for the ſame Rea- 
ſons, the Point X is the true Mark of a Com 2 
the firſt Obſervation. Therefore, if from the 
Point O to the Plane of this Figure, which re- 
preſents the Plane of the Ecliptic, be drawn the 
Perpendicular O, equal to the Tangent of the 
known Latitude in the third Obſervation for 
the Radius 7 O; will be] the true Place of a 
Comet in its Trajectory. Likewiſe X £ perpen- 
dicular to the Plane of the Ecliptic rais'd at the 
Point X, equal to the Tangent of the Latitude 
at the firſt Obſervation of the Radips T X, will 
ſhew the Point $, the other Place of the Comet, 
in its proper Trajectory. About the Focus &, 
thro* the Points and & (by Prop. 24.) deſcribe 
a Parabola ; and it will be the Comet's requir'd 
Trajectory. But becauſe there are two Para- 
bolas deſcrib'd about the Focus & paſſing thro' 
the two Points © and E, which of theſe is the 
Trajectory of our Comet, will appear from any 
Obſervation of the Comet: For, its Flace, de- 
duc'd from one of thoſe Parabolas, will agree to 
the obſery'd Place; but, taken from the other, 
will not, Therefore we have, from Obſerva- 


tions, 
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tions, determin'd the Trajectory of a Comet 
moving in a Parabola. 9, E. F. 

Alſo in ZA, or 7 B, one may chooſe Points at 
Pleaſure, as was done here in C, and work 
with the Points deduc'd from hence in the two 
remaining Lines; after the ſame Manner that 
we work'd with the Points in TA, B. 

In the foregoing Inveſtigation, whether Arith- 
metical or Graphical, or compounded of both, 
there is no Regard had to the Monthly Parallax 
of the Sun ariſing from hence, v7z. That it is 
not the Earth's Center, but the common Center 
of Gravity of the Earth and Moon, which is 
carried in the Magnus Orbis; for this Monthly 
Parallax of the Sun, three times greater than 
the Diurnal, is ſenſible in defining of the Orbits 
of ſome Comets: 'Therefore we muſt by it cor- 
rect the Comet's obſerv'd Places. WE 

If the Elliptic Orbit of a Comet be found to 
agree better, let it be thus deſcrib'd : Find the 
Mark of a. Comet in the Plane of the Ecliptic in 
the ſecond Obſervation ; and it will be the ſame 
in Order and Situation between the Points C, 
2C, 3C, as the Point O was between B, 2 B, 
3 B, or as A between A, 2 4, 3 A: From the 

Mark thus found, raiſe, perpendicularly to the 
Plane of the Ecliptic, a Line which is the 'Tan- 
gent of the Latitude in the ſecond Obſervation, 
for a Radius equal to the Diſtance between 7 
and the ſaid Mark ; the upper End of the ſaid 
Perpendicular, or the End of it above the Plane 
of the Ecliptic, is the Place of the Comet in 
its Trajectory obſerv'd the ſecond Time. An 
Ellipſe drawn about the Focus S, thro' the 
Points ©, é, and the Point lately found (by 
Prop. 29. B. III.) will be the requir'd Orbit of 
the Comet. 
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SCHOLIUM. 

The foregoing Method for determining the 
Point O, or the Point X, is univerſal, and of 
great Uſe in ſeveral Phyſical Aproximations. 
For the moſt Part three Points, as here, A, 2 4, 
and 3 4, found, according to Art, from the three 
aſſum' d ones, viz. C, 2 C, and 3 C, mult be ſo 
poſited, that the requir d Point may be between 
their Extretnities A and 3 A, which is the Rea» 
ſon why, from the three Points, P alone muſt 
be plac'd on the other Side of the correſponding 
Point 4: For thus will the requir'd Point be 
more certainly and nearly determin'd by the In- 
terſection of a Circle with the Right Line 4, 
2 A, in which it muſt neceſſarily be, than if the 
requir'd Point, being beyond A and 3 4, was to 
be determin'd by the Interſection of a Right 
Line with the Circle beyond the Points 4 and 
3 P; for the ſame Reaſon, from ſome obſerv'd -. 
Place of one Comet, (or of any other mov'd 
according to any Law) its Place, and its inter- 
mediate Time whatever, is more certainly de- 
fin'd, than its Place, or 'Time, before the firſt, 
or after the laſt Obſervation. 

Sometimes it may be ſufficient, in Inveſtiga- 


tions of this Nature, to determine two ſuch as 


P and 2 P are (viz. if one of them be nearl 
true) and join them by a Right Line, whoſe 
Interſection with the other A, 2 A, will deter- 
mine the true Point ſought: And here, again, 
it will be convenient, that the Points P, and 2 P, 
lie on contrary Ways, with Regard to the Point 

ſought. | inet 
| ProPOSITION XXVII. 

determine the Point that is fitteſt to be ta- 
* ken, the firſt, ſecond, and third Time, for the 
Comet's Tract in the Plane of the Ecliptic, Fig. 
5 5 


* 
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The Conſtruction of the foregoing Problem 


is univerſal: But, in Practice, we muſt not take 


any Points C, 2 C, for the Mark of the Comet in 
the ſecond Obfer vation, but we muſt take thoſe 
Points nearly true, if we can by any Means 
know whereabout the true ones ſhou'd be. And 
that may be done by Help of the 12th Prop. by 
four Obſervations of a Comet. For a Right 
Line being drawn, whoſe three Parts, inter- 
cepted between four Right Lines given in Poſi- 
tion, have the ſame Ratio as three Intervals of 
Time between four Obfervations, will not dif- 
fer very much from that Part of a Comet's Tra- 
jectory which is then run through. T herefore 
its Interſection with a Right Line, that repre- 
fents the Longitude in the ſecond Obſervation, 
will very fitly be taken for the Mark of a Comet 
in that ſecond Obſervation. 

If you know, within a little, the Quantity of 
the Angle which the Trace of the Orbit of a 
Comet contains, with a Right Line j Joining the 
Earth and the Comet in the ſecond Obſervation, 
or its Equal, (by Prop. 17. B. I. Conic.) namely, 
At, (Fig. XXVII.) which the Chord 4 B con- 
rains with the Right Line? C, which may be done 
by Help of the gth Prop. or more accurately by 
the Schol. of Prop. 13; then the Point C, to be 
taken at firſt, will be determin'd after the ſame 
Manner : Draw the Right Line A B, terminated 
at each End by the Right Lines T 4, 7 B given 
in Poſition, and cutting the Right Line C, which 
is alſo given in Poſition at J, in an Angle equal 
to the given Angle; in ſuch Manner, that it may 
be to J zx TT, che Chord (that is, nearly to 7 of 
Tr) in a ſubduplicate Ratio of $7? to S; and 
draw, thro” S, the Right Line S DC, whoſe Part 
DC, interjefted between the A of the Angle 
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44 C, muſt be equal to the Right Line t N, 
which is an univarſal Problem of 'the Ancients 
concerning Inclinations, and which is done by 
their Method, or by the yth Section of the ps: 
Optical Lecture, or in the 3d Section of the 6th 
Geometrical Lett. of Dr. Barrow. The Point C, 
thus determin'd, is that very ſame which is con- 
veniently taken, the firſt Time, for the Trace of 
the Comet in the Plane of the Ecliptic. Suppoſe 
that C is the Trace of the Comet in the Plane of 
the Ecli ptic, and a parabolic Arc going thro' A, 
B, and C, is the Trace of an Arc o 
ry deſcribed between the firſt and third Obſerva- 
tion: Therefore, ſuppoſing that the accelerating 
Gravity, towards the Sun, is the ſame, or equal, 
at the Diſtance of the Earth from the Sun, and 
at the Diſtance of a Comet from it, (that is, in 
Galilens's Suppoſition of Gravity, which is near- 
ly true,) C D and? N are equal, as being the 
Spaces in falling toward the Sun gone thro' at the 
ſame Time by a Comet, and by the Earth; A B, 
the Chord of the Parabola, will (by Prop. 22.) be 
to 2 Ti the Chord of the Circle, whoſe Cen- 
ter agrees with the Focus of a Parabola, in a ſub- 
duplicate Ratio of the Right Line Str to the 
Right Line SD; but A B is drawn to / 2x Ti 
in a ſubduplicate Ratio of St to S4, and alſo 
AB cuts the Right Line f C in a due Angle; and 
therefore C D is equal to? NM: Therefore, the 
Right Line A B has nearly all the requir'd Con- 
ditions to become the Chord of the Arc, which 
is the Trace of the Comet's Trajectory, inter- 
cepted between the firſt Longitude T A, and the 
third B; and therefore the Point C has all the 
Conditions requir'd, to be nearly the Trace of 
the Comet at the ſecond Obſervation. There- 
fore: the Point C is rightly taken for the Trace of 
5:11 -" oh 
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the Comet (tho? it muſt afterwards be corrected) 
at the ſecond Obſervation. | | 
I he Point C therefore, which is to be taken 
the firſt Time, being determin'd, the Points 
which are aftetwards taken (namely, 2 C, and 
3 C, [ Fig. XXVIIE. } are not to be taken with. 
out Conſideration or Allowances; neither does 
the Caution given in the foregoing Propoſition, 
namely, that the Point 2 C be taken nearer the 
Point , when the Line Z is leſs than 4B, and fo, 
on the contrary, ſuffice ; but when we have pro- 
| ceeded fo far, that A B, rightly drawn, be equal 
to the Longitude Z agreeable to it: In 7 C take 
the Point 2 C, in fuch Manner, that the Diſtance 
s 2 C may be to the Diſtance o C, in a Ratio com- 
pounded of the Ratio of Z to AB, and a ſub- 
duplicate Ratio of SC to 2 C. The Cauſe 


why the firſt compounding Ratio is made Uſe of, 


is manifeſt from what is faid before: For, ſince 
AB is to be found ſo as to be equal to Z agree- 
able to it, if it be greater, or leſs, it muſt be di- 
miniſh'd, or encreas'd till they become equal: 
Now, they wou'd be equal by the firſt compound- 
ing Ratio alone, if Z was conſtant and invaria- 
ble; but as the Longitude Z is always different, 
as AB is different, therefore the ſecond com- 
pounding Ratio is neceſſary. Now, it is plain, 
(from Prop. 23.) that in Parabolas the Chords of 
the Arcs AC B, 2 4, 2 C, 2B, (in which CD, 
2 C, 2 D, tending to the Focus, and intercepted 
between the Vertex and the Chord, are equal) 
are in a ſubduplicate Ratio of the Right Lines 
SC, S2C; and it has been ſhewn above, that the 
Right Lines C D, 2C, 2D, are nearly equal, 
(namely, being the Spaces which a Comet fall- 
ing towards the Sun wow'd deſcribe at different 
Diſtances from it in the ſame Time) and alſo that 
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the Trace of a Comet, in the ſecond Obſervation, 
is near to the Vertex of the Arc AC B, that is, 
of a Part of the Trace of the Trajectory of a Co- 
met deſcrib'd between the firſt and third Obſer- 
vation. But alſo the Point 2 C, found after that 
Manner, is not faid to be the accurate Trace of 
the Comet in the Plane of the Ecliptic, but it is 
nearly true, and but very little remov'd from a 
Point truly accurate. 

After the ſame Manner may be determin'd 
the Point 3 C from 2 C, as 2 C was determin'd 


from C, if we find three Points, as was done in 


the foregoing Propoſition; but, if we work this 
Way, it will hardly be needful to make Uſe of 
a ſecond Operation: And a Right Line joining 
the two Points F and 2 F, determin'd from the 
two aſſum'd Points C and 2 C by the foregoing, 
will cut - B in the Point O, (to which they are 
very near) the accurate Trace of the Comet in 
the third Obſervation, and the Right Line 
P, 2 P, will likewiſe cut T 4 in the Point X, the 
Trace of the ſame Comet, at the firſt Obſerva- 
tion, as we have ſhewn before, that it muſt hap- 
pen when C, and 2 C, are near to the true Point. 
Therefore we have determin'd the Point, which 
(in the Operation of the foregoing Prop.) is 
moſt conveniently taken for the Trace of the 
Comet in the Plane of the Ecliptic, the firſt, 
ſecond, and third 'Time. 

In nearly determining the Points C, and 2 C, 
after the aforeſaid Manner, in Graphical Opera- 
tions, we muſt often proceed by Trials, where 
a more accurate, or a Geometrical, Method is 
wanting ; neither is it needful here to make Uſe 
of Curves very difficult to be drawn, which the 


| Conſtruction wou'd require. 
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PRO POSITION XXVIII. 


of the Trajectory of a Comet, and the Time 
when a Comet is in the Nodes. | Fig. XXIX.] 
Things remaining the ſame, and being deno- 
ted by the ſame Letters as in the foregoing Pro- 


duc'd till they meet in $8: Draw SO, C A, SA. 
All the Points were before given, namely, &, O, 


Angle SX Ss, adjoining to one of them. More- 
over, if thro* & you draw & o parallel to X O, 
meeting with the 125 Line O at o, the Tri- 
angles o E, and ? X $8, will be equiangular ; and 
therefore from the known Sides o 5 (equal to 
OV and o (the Difference of the known Right 
Lines O, and ? N together with the Right 
Angle®o >, the remaining Sides and Angle will 
be known, and alſo the Angles of the Triangle 
E X $4: But in this Triangle, one Side X & is 
given, therefore the other Sides will alſo be 
given; namely, X $32 and £ $3. Then in the 
Triangle $2 X s, you have the Sides X &, X $2, 
with the Angle between them & X $2: therefore 
ou will alſo know the Angle X & $8. But as was 

Rid before, the Poſition of the Right Line SX is 
given, or the Angle which it makes with T A, 
whoſe Poſition is known by Obſervation, (for in 
the Triangle X T S, the Sides TS and TX are 
given, and alſo. the Angle XT'S; which is the 

Diſtance between the known Place of the Sun, 

and the Place of the Comet obſerv'd the firſt 

Time, whence TX is known) and therefore 
the Poſition of the Right Line $2 S $2 will be 

known, or the Places of the Nodes ſeen from 
the Sun. If the Right Lines O *, XE, are equal, 

| 2 


7e determine the Poſition of the Line of No F 65 


poſitions, the Right Lines O A, E, muſt be pro- 


and &; and therefore, as well the Sides, as the 
Angles of the Triangle SOX ; and therefore the 
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the Line of the Nodes is parallel to 2 X, and 
therefore known in Poſition. | 
To determine the Time when a Cindi is in the 
Node, let ? [Fig. XXX] be the Trajectory of 
a Comet deſcrib'd by Prop. 26. thro' the Points 
and peek in whoſe Plane are found the Right Lines 
Se, $5, and let the before-found Line of Nodes 
1 Je meet with the Trajectory in $4 and G; 
and (by Prop. 14. B. I.) the Interval of the Time 
between the firſt Obſervation; and the Moment 


that the Comet comes to the Node $2, will be to 


the Interval of Time between the firſt and third 
Obſervation, as the Area ? 88 S, to the Area „ S. 


But the Ratio of the Areas 5 Ns, and E S, is 


known; (for the Areas themſelves are known, 
by the 24th Prop. Archi m. of the Quadrature 4 
the Parabola) therefore alſo the Time at whic 
a Comet is in the Node Se. After the ſame 
Manner will be known the Time that a Comet 
comes to the other Node J. Q E. F. 


PRO POSITION XXIX. 
TO determine the Inclination of the Plane of 

the Trajectory of a Comer, to the Plane of De 
Ecliptic. | Fig. XXXI.] 
Things remaining as before, from the Point 
O, to S, the Line of Nodes, draw the Per- 
pendicular O 88, and join . In the Triangle 
O G, beſides the Right Angle at &, you have 
(by the foregoing Prop.) — Angle O'S S, and 
the Side O &; therefore O & is known. Then, 
in the Rectangular Triangle O Q, the Sides a- 
bout the Right Angle, namely, O“, and O $4 are 
known, and therefore the Angle O ?F «, will be 
known, which (by Def. 6. El. 11.) is the Incli- 
nation of the Plane of the Trajectory, to the 


Plane of the Ecliptic. 


X11 PR o- 
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—ProPOSITION XXX. 
TO determine the principal Latus rectum of a 
Comet Trajetfory, the Comet's Peribelium, 
and the Time that a Comet is in a Peribeliun. 
{ Fig. XXXII.] 

About the Focus S, thro? the Points „ and *, 
deſcribe the T rajectory of a Comet, by Prop. 24. 
then about & as a Center, thro” either of t he ſaid 
Points (as for Ex.) draw a Circle meeting again 
with the Trajectory at /; draw V, to which 
from S, draw the Perpendicular S:, which pro- 
duce. till it meets with the Parabola at ; will 
be the Perihelium of the Trajectory, and there- 
fore the Quadruple of S is the principal La- 
tus rectum. 

The firſt is plain; for fince the Focus & is 
found in the Axis of the Parabola, a Circle, de- 
ſcrib'd about the Center C, will cut the Parabola 
(if it cuts it at all) in two Points equally diſtant 
from the Axis, and therefore the Right Line V 
Joining the Interſections, will be perpendicular 
to the Axis, and the Vertex of the Parabola, 
or the Perihelium of the Trajectory, and the 
Quadruple of S, the Parameter of the Dia- 
meter, whoſe Vertex is 4 (that is, of the Axis 
itſelf,) or the principal Latus rectumm. 

Take a Time, whoſe Interval from the firft 
nion, when the Comet was in E, is to the 
Interval of the Time between the firſt and third 
Obſervation, as the Area 5 5, to the Area E 5. 
and that will be the Time that the Comet i is in 
the Perihelium. 

The Variety of Caſes, namely, when the 
Time, that the Comet is in the Perihelium, is 
before the firſt Obſervation, and when it is after 
it, we leave to the Judgment of the Aſtrono- 
mer, as alſo innumerable other Things relating 


2. ; ro 
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to this Problem, about defining a Comet's Tra- 
jectory, and the Parts of it. 
1 SCHOLIUM. 
Hence alſo will a Comet's Perigæum, and the 
Time of it, be determin'd: For fince the Time 
(namely, that between the firſt and third Obſer- 
vation) that the given Area £ © is deſcrib'd by 
a Radius drawn from the Comet to the Sun, is 
given, you will alſo have the Area deſcrib'd in 
one Day; and ſince ? is given, which is the 
Place of a Comet in the firſt Obſervation, the 
Places of a Comet, for each Evening, will be 
given in its proper Trajectory. But the Place 
of the Earth in its Orbit is given for every Day, 
and (from what has been ſaid before) the Situ- 
ation of the Earth's Orbit, and a Comet's Tra- 
jectory, in reſpect to each other; whence the 
Place where the Comet is neareſt to the Earth, 
that is, the Comet's Perigæum will eaſily be 
known, and alſo the Time when it happens. 
PROPOSITION XXXI. 
O correct the Trajettory of a Comet which 

was found by Prop. 26. 

Let the Poſition of the Plane of a Comet's 
Trajectory, determin'd by Prop. 26. be aſſum'd, 
then chooſe three Places of the Comet, nicely 
obſerv'd, different from thoſe three by which 
the Trajectory was firſt determin'd, and very 
far diſtant from one another : It will be conve- 
nient for one of them to not be far diſtant from 
the Comet's Perihelium. Let the Time, between 
the firſt and third of thoſe Obſervations, be cal- 
led &: Take a Number C, which may be to 1 as 
the Time between the firſt and ſecond Obſerva- 
tion, to the Time between the ſecond and third: 
From theſe apparent Places, by a trigonometri- 


cal Calculation, after the Method us'd before, 
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find three Places of the Comet in the foreſaid 
Plane of the Trajectory, taken as very accurate; 
that is, find three Points of the before defin'd 
Plane, in which the Comet has the ſame Lon- 
gitude and Latitude, as it is really found to 
have; and (by Prop. 29. B. III. or perhaps by 
Prop. 24. B. V.) determine, by Calculation, what 
Conic Section goes thro' thoſe three Points, 
whoſe Focus coincides with the Sun, and whoſe 
Areas, terminated by Right Lines, drawn to the 
Sun, and Portions of the Curve, are determin'd : 
and therefore their Ratio will be alſo determin'd : 
As for Example, let its Area, between the firſt 
and ſecond Obſervation, be to its Area between 
the ſecond and third Obſervation, as & to 1; and 
that ſame will be the Ratio between the Times, 
in which theſe Areas wou'd be deſcrib'd by a 
Comet, from which a Radius is drawn to the Sun. 
Moreover, from the known Magnitude of this 
Track of the Comet, and the Magnitude of all its 
Parts, in reſpect of the Track of the Earth and its 
Parts, may (by Prop. 41. B. I.) be known the Ve- 
locity with which a Comet deſcribes it; therefore 
the Time that a Comet wou'd deſcribe the two 
above-found Areas; let it be call'd T; Let Ts, 
and & C, the Pofition of the Plane of the 
Trajectory hitherto found, will be true and ac- 
- curate, and want no Correction; but if it ſhou'd, 
then 2 — 5 will be the Error in the whole Time 
between the firſt and third Obſervation, ariſing 
from the leſs accurate Poſition of the Plane of 
the Trajectory, and & C vill alſo be the Error 
ariſing from it in the Ratio of the Time between 
the ſecond and third Obſervation; which ap- 
pears to be ſo, becauſe in each Caſe, Unity is 
taken for the Conſequent of two Terms, which 

expreſs the Ratio between the two Times. - 
et 
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Let the Longitude of either Node of the Tra- 


jectory (found by Prop. 28.) call'd X, be en- 


creas d by 20 or 30 Minutes, which Minutes 
call P, keeping the foremention'd Inclination of 
the Plane of the Trajectory to the Plane of the 
Ecliptic; and after the Manner before made uſe 
of, find in this new Place three Points, which 


may accurately anſwer to the three foreſaid moſt 


accurate Obſervations of the Comet, and the 


Trajectory going thro' them, whoſe Focus muſt 
coincide with the Sun's Center, and let its two 


Areas between the three Obſervations, deſcrib'd 
by a Right Line drawn to the Sun, whoſe Ra- 
tio is expreſs'd by that of g to L, and alſo the 


whole Times which the Comet will take up, in 


deſcribing each of thoſe Areas, be expreſs d by t. 
If the Time 7 be found to he equal to S, and g 


equal to C, this aſſum'd Poſition of the Plane 
will be the true one; if not, 1 will be the 


Error..in the whole 'Time between the firſt and 
third Obſervation, and g - C the Error in the 
Ratio of the Time between the firſt and ſecond 
Obſervation, to the Time between the ſecond 
and third, each arifing from the leſs accurate 


_ Poſition of the Plane of the Trajectory to the 
Plane of the Ecliptic. | 


Let the found Inclination of the Plane of the 
Trajectory, to the Plane of the Ecliptic call'd J, 


be (by Prop. 29.) encreas'd 20 or 30 Minutes, 


which muſt be call'd &, the Longitude of the 
Node firſk found by Prop. 28. remaining the ſame; 
and, as wa done before, find, in this new Plane, 
three Points anſwerable to the three foreſaid 
Obſervations of the Comet, and alſo the 'Traje- 


ctory going thro*' them, whoſe Focus is the 
ſame as the Sun's Center, and its two Areas be- 


tween the three Places obſerv'd, deſcrib'd by a 
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Right Line drawn to the Sun, whoſe Ratio is the 
ſame as that of y to : Find alſo the whole 
Time 7, which the Comet wou'd take up in de- 
ſcribing each Area at the ſame Time, by a Right 
Line drawn to the Sun. © If 7 be found to be e- 
qual to , and y alſo equal to C, this aſſum'd 
Poſition of the Plane of the Trajectory will be 
the true one, and as it ſhou'd be; if not, 2 — & 
will be the Error in the whole Time between the 
firſt and third Obſervation, and C likewiſe 
the Error in the Ratio of the Time between the 
firſt and ſecond Obſervation, to the Time be- 
tween the ſecond and third Obſer vation 


Let the Operation therefore be Fe d 4 


the Rule of Falſe Poſition, the Scheme of who 
Operation i is here annex'd, where K is one Poſi- 
tion of the Longitude of the Node, and T—S 
the Error ariſing from thence in the whole Time 
between the firſt and third Obſervation ;* K +P 
the other Poſition of the Longitude of the Node, 
and 1 -& the Error of the ſaid whole Time ari- 
ſing from thence. According to the ſaid Rule, 
as the Difference of Errors to the Difference of 
Poſitions, ſo let either of the Errors be to a 
fourth Quantity; and this will be the Correcti- 
on of the Poſition, from which flow'd the aſ- 
ſum* d Error, 


K 


x | | | | 88 | 
1-5 NES GC 4 g vc 


E . — 28122 „* 2 | 
2 CT - 4 = 1 6 6 Cf: 


A 


After that Manner the Error of the poſited 
Longitude of the Node, that is, of K itſelf, in 
the whole Time between the firſt and third Ob- 


ſervation, is — * P; f and the Error P of the 


ſame Longitude K in os Ratio between the 
two Times between the three Obſervations is 
G—C 


3 

Longiude of the Node 1s K y . „ 
GCC 188 | 

X + 8 = * 


11 the Error of the poſited Inclination 
of the Plane of the Trajectory, to the Plane 
of the Ecliptic, viz. J, from the firſt Head is 


T—S -C 
7 — — x2; and from the ſecond it is r* D; 


and therefore the true and corrected Incli- 
nation of the Plane of the N to the 


— 5 
Plane "oa _ Ecliptic, is 1 +7 — „ , or 
£ — 5 — x S: And the RE ny Longitude 


of the) Node, and Inclination of the Plane of the 


Trajectory to the Plane of the Ecliptic, will be- 


come the ſame, if in the Operation we make Uſe 
of the Errors ariſing from the ſecond Poſition. 
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P; therefore the true and corrected 
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And becauſe both the Errors come under Con- 
ſideration, as well that in the whole Time, as 
that in the Ratio between the two Times 'be- 


tween the three Obſervations, ler us ſuppoſe as 
ny G— 
well 


P,; as 


F 


equal to x 7 that is, 


1—S 7 d 
n and 
2— 


G—g 
72 2 


G— T— I 
a 5 SAA that is, en 


G = 


* Whence m T'— m7 will = T—6, 
and m G — mg will = @—C; and ae „ T'— 
T=T—S, and 2 - 2 68 Whence 
the Double of T—S=unT—mn 1 +1 17 
and the Double of & C = = 
9; and therefore, going backwards, if and 
77 be taken in ſuch Manner, that the Double of 
T—Smay be M f - Mt H- , and 
the Double of G— C= m = m e = u, 


—. 9 G—C 
then as well a. P, as Goa * P will be 


* 


1 X P, and likewiſe as well ED x & as 


* EY 
6 - x will be = 7 X S5 therefore the Er- 
ahi of the Longitude of the Node will be m x P, 


and the Error of the Inclination of the Plane 
of the Trajectory will be 2 x ©: Whence the 


corrected Longitude of the Node will be K + 
mn P, and the corrected Inclination of the Plane 
of the Trajectory to the Plane of the Ecliptic is 
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The Plane of the Trajectory being corrected, 


as well in reſpect to its Interſection with the 
Plane of the Ecliptic (that is, the Longitude of 


either Node) as its Inclination with the Plane 


of the Ecliptic; find (as before) in the Plane 
thus corrected, and now moſt accurately poſited, 


- three Points, which may agree with the three 


aforeſaid. moſt accurate Qbſervations, and (as 
before) taking the Sun's Center for your Focus, 
thro* the three ſaid Points, draw a Conic Section: 
And this, beg corrected, will be the Comet's 
requir'd Trajectory. | 
| SCHOLIUM. | 3 
Having found the correct and accurate Tra- 
jectory; its Axis, Latus rectum to the Axis, 
the Time in which the Comet is in the Perihe- 
lium, and the other Things belonging to it, 


will alſo be accurately defin'd, according to the 


Rules foregoing. If it happens that an Ellipſis 
deſcrib'd about the Sun's Center, as its Focus, 


(and not a Parabola) goes thro' thoſe three 


Points: That is, if that Part of the Comet's 
Trajectory, which comes under our Obſervati- 
on, does evidently ſhew that the Comet returns 
in an Orbit, and does not run out 27 inſinitum, 
then from knowing the greater Axis of this Or- 
bit, you will know the Comet's Periodical Time, 
for (by Prop. 40. and 42. B. I.) the Square of the 
Periodical Time of a Comet is to the Square of 
the Periodical Time of the EartHabout the Sun, 
as the Cube of the greater Axis of the Orbit of 
the Comet to the Cube of the greater Axis of 
the Orbit which the Earth deſcribes about the 
Sun, or to the Double of the mean Diſtance of 


the Earth from the Sun. 


If, from the known principal Latus rectum, as, 
for Example, of the three Trajectories deſcrib'd 
285 n ee in 
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in the three aſſum'd Planes before the full Cor- þ 
rection, viz. R the firſt, the ſecond, and e the 

thrd, you wou'd find the principal Latus rectun 

of this laſt Trajectory deſcrib'd in the Plane ac- Of th 
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curately poſited ; it may be found by the Rule of cel 

i Falſe according to the Method of the Things | ac 
j above; and it will be equal to R r —mR 

1 Lie R. For, in the true and accurate Lon- = 

9 gitude of either of the Nodes, you add to its det 

0 1 Longitude in the firſt Plane (determin'd by 5 

i Prop. 28.) the Exceſs of the aſſum'd Longitude F 

bi in the ſecond Plane above the other Longitude Re 

li multiplied into 2; and in the accurate Inclina- Fe. NO 

Mi tion of the Plane of the Trajectory, you add Right 

* to the Inclination of the firſt Plane (determin'd Area 

. by Prop. 29.) the Exceſs of the aſſum'd Inclina- VS, & 

5 tion in the third Plane, above the foregoing In- qual 1 

W clination multiplied into 2. And fince the Tra- ple, t 

* jectory and its Latus rectum changes, as well fine, 

| upon Account of the Longitude of the Node 10 116 

changing, as of the Inclination of the Plane to [Fig. 

the Plane of the Ecliptic changing, to the Latus | Su 

rectum of the Trajectory in the firſt Plane, or to. Line 

R muſt be added r m R, that is, the Ex- Obe! 

ceſs of the Latus rectum in the ſecond Plane to K. 

above the Latus rectum in the firſt Plane multi- ſuch 

plied into ; and alſo you muſt ſuperadd » e— the ! 

7 R, namely, the Exceſs of the Latus rectum in to V. 

the third Plane, above the Latus rectum in the the 1 

firſt drawn into 7. And after that Manner you call c 

will have the true Latus rectum, viz. R mr Lat 

—# RT] — R. Much after the ſame unkn 

Manner will be corrected the Latus tranſverſum, be al 

if it be defin'd in Magnitude. 1 1 
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SECTION IV. 

Of the Manner of finding a Comet's Helio- 
centric or Geocentric Place in its Traje- 
Qory before determin'd for a given Time; 
and of the Tables neceſſary for readily 
defining the Comet” O Motions. 


PROPOSITION XXXII. LEMMA 


Rom the Focus $ of the given Parabola V P, 
"whoſe Vertex is V and Axis VE, to draw the 
Right Line SA in ſuch Manner, that the parabolic 
Area VRAS comprehbeiided under the Right Lines 
VS, SA, and the parabolic Curve VRA may be e- 
ual to a given rectilineal Figure; as for Exam- 
ple, to the Square of the Right Line B; and to de- 
fine, by Computation, the Length and Inclination 
zo the Axis VE of the Right Line S A ſo draum. 
Fig. XXXIII.) 
Suppoſe it done, and thro' draw the Right 
Line F perpendicular to VE, and let the Point 
Cbe in it, thro' which CA, being drawn parallel 

to VE, meets with the Parabola in the Point A, 
ſuch as SA being drawn, may give a Solution to 
the Problem. Thro' A draw AD perpendicular 
to VE, meeting with the Axis at D. Let VS, 
the Diſtance of the Focus from the Vertex, be 
call'd f; and (as is welt known) the principal 
Latus rectum of the Parabola will be 47. Let the 
unknown Quantity VC be'call'd x; and AD will 


be alſo x, N (from El. Conic.) VD or 


its equal CA will be 47 Whence the Ra 


lar W V CAD i is equal to 0 and the 
IS parabolic 
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parabolic Space VR AD (which, from Archime. MM _  - 
des's Dimenſion of the Parabola, is PETIA be. v/ 


C15 

to the forefaid ho AE will be — G Th mite. Eu 
x* | equal 

1y, : - Lf —— . Moreover aner VDi is and Y drupl. 
if * 4f (by tl 


=}, SD will be 7 — if $ be between M 14 o 


and D, as in the 1ſt Fig. XXXIII; or if D be 541 
between V and 6 s, as in the 2d Fig. XXXIII, SD this I 


7 but I 

will be = — z; that is, in the firſt Caſe, Ratic 
1 —47 oe 4f'—=x* Radi. 

5 * = 7 7 and in the ſecond SD= 9 which 

| hat 4 
Whene: the Rectangle, under A and D S, wil op | 
* —af *3 x 41. *-* Or 

be = - 5 Fo 5 and therefore pou! 
half of it, namely, the e ASD will be the | 


1 2 
No SHE, 5 141 — 225 And therefore theSpace giver 
VRAS (for it is in the firſt Caſe equal to RAD, 
the Triangle ASD being taken from it, in the 
ſecond Ee to VR AD, encreas 'd by ASD) 


z x 1 
1 ge 7 ö bs in the firſt Caſe, and 
x * : * — 
„ — 


re the ſecond; and therefore 
x* + 12f* 2 x 
24f 
And this muſt be equal to þ*, therefore 247 1 
=x'+Izf*'x. And having diſpoſed the #- 
quation, as 18 uſual, 88 = —1I2f * + 247 5 
Therefore, by Cardan $ Rule, the Value of 


x, or 4 D, expreſs'd in known "Quantities, will 
be 


in in every Caf: V R SA is equal to 
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Irchi me. CEPT; — — ͤ ͤFꝗẽ¹ y — 
ualtera] be. YC: 1276 + Y 1447 Ee 647 — 
1 C127 IAF b' + 64f But when AD 
7 is known, D will alſo be known; for it is 
equal to the Square of A D apply d to the Qua- 

and VS WW druple of the known Quantity VS. Therefore 
1 (by the zd Datum) you have the Line compoun- 
2888 ded of Band VS, to which the Right Line 
if D be S A is equal, by Gorol. 2. Prop. 14. and therefore 
IL, SD this Line $4 will be alſo given in Magnitude ; 
but DA is alſo given, therefore (by 1 Dat.) the 

t Caſe, Ratio between SA and AD, that is, between the 
l Radius and the Right Sine of the Angle ASD, 


* which 8A contains with the Axis. Therefore 
5 that Angle ASD, or VS A, is known: And SA 
» Will vas before known in Magnitude. Q, E. F. 

On the contrary alſo in the given Parabola, 
you may find the Area VR AS, which will make 
will be the Right Line $A equal to the given Right 

Line; that is, you may find the Ratio of the 
eSpace given Area VR AS to the Square of the Right 
: Line VS, which will make & 4 to be in a given 
RAD, Ratio to the Right Line VS. 25 
in the SCHO-LIUM 1. (Fig. XXXIV.) 
45D) We have before ſhew'd the Method of the 
Calculation made uſe of in Aſtronomy, for de- 
termining the Magnitude and Poſition of the 

F Right Line AS. But if you like a Geometrical. 
reforc Conſtruction better, it may thus be eaſily had, 


f * x if according to the univerſal Method of Geo- 
Pius: metricians, the before found Cubic Æquation 
477 * ＋ Iz F & - 247, o, be conſtructed by 
8 K. the propos d Parabola RV and a Circle. Let 

2 the Latus rectum of the Parabola propos 'd (which 
3 is equal to 47) be calld L; 127 =9q, and 
ms i 247% =r, that the propos d Æquation may be 
b . in this uſual Form x ' +qxz—r =. Take (ac- 


cordin g 


— — ae". 2 


= = a = . - N 0 * 
: Z _ 
7 6 - bu 
\ = R 

T — . » 2 Pa. y I - . 4 : p ; — 7 - * * — : 
4 4 «1 2 q — d — 2 — — Coe ne 22 — — 55 = 8 C ads - 
— 3 7 TR * , PEF l 2 _ * * — WG 7 —_— + mT ew % 2 * ; — — —— 

— - T_T D — D . te —2 — 4. . — 3 — 1 A 7 ö "Fg _—_ ; 2. — — — > 
— PF... ˙ RE on ES — 5 = — 7 - 

2 * r — 7 . — = ——— n — * — "Min : ö . : 5 * w_ i — = 
* . 2 L - | * 2 . — E * 22 2 n r 2, r r . — 
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cording to the commonly known Precepts of 
this Conſtruction) Y oY =£<L inthe Axis of the 


Parabola, and & H 1 (and that backward 


towards the Vertex, becauſe it is + 70 that is, in 


our Zquation GH= on 52 or 7 whence it haps 
pens that the Point I will come to be in the mid- 
dle Point between V and S: For becauſe V@=:L, 
VG will be the double of Vs, and taking from 
hence & H= VS, VH, will be Vs e 


e H K perpendicular to VS = * —; that 
3 ; 240 : 22 5 | 
is, in our Caſe = ; th t is, e- 


5 


b 
| qual to 3 m, if mM = 15 (or to the Right Line 


found by this Prop.) if (by. Prop. 45. EI. 1.) the 
propos'd rectilineal Figure be apply'd to the La- 


tus rectum of the Parabola) and on thoſe Parts 


of the Right Line VS, towards which AS is to 
be drawn. And a Circle, deſcrib'd with the 
Center K thro' V will cut the Parabola R V P 
in the requir'd Point 4, and AD, which is per- 
pendicular to VS, will be x, or the Root of the 


_ foregoing Aquation. This Conſtruction has no 


Need of a Demonſtration, becauſe of the com- 
mon Conſtruction, of the Fquation x*+ 12f*'x 
247% =o, ariſing from the Nature of the 
4 , af But it is eaſie to conſttu&t-i it, runnin 
over the Steps of the foregoing Analyſis. 

After the ſame Manner may be defin'd the 
Magnitude and Poſition of the Right Line A 5, 
drawn from the Focus S, ſuch that the parabo- 


lic Space & RAS, comprehended between 


that 
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that Line, and another S given in Poſition dif- 
ferent from S V and that Part of the Parabolic 
Curve between them & RA, may be equal to 
the given Rectilineal Figure B 9. For the Axis 
SV being drawn, you muſt draw the Right 
Line SA in ſuch Manner, that the Space VR AS 
may be equal to the Sum or Difference of the 
Spaces B, and Vs, according as SY lies to- 


wards the ſame Parts of SV to which A muſt 


be drawn, or towards contrary Parts. 


SCHOLIUM 2 [Fig. XXXV.] 

Suppoling V P and v any two Parabolas, 
whoſe Foci are & and , and Vertices V andv, 
and ſuppoſing the Areas VAS, ve, equal to 
the reſpective Squares of B and “; if B be to 
VS, as “ tos, then AS, 42 , VS, vo, will be 
proportional, and the Angles / SA, vs «, equal. 
For, becauſe all Parabolas are ſimilar Figures, 
and the Foci, and Vertices, are Points ſimilarly 
poſited in them; and beſides, as the Figures 
VAS, u, are in a duplicate Ratio of the ho- 
mologous Sides VS, vs, (for their Equals B 9, 
and g 1 are in a duplicate Ratio of Bto 5, that 
is, by Suppoſition, in a duplicate Ratio of VS 
to ;) it is alſo plain, that theſe Lines are 
ſimilar to one another, and therefore the Angles 
VSA, usa, equal, and that AS is to 4 , as 
VStovs, And therefore from hence, when 
you have laid down SV, the Diſtance of the 
Vertex of the Parabola from its Focus, ex- 
preſs'd in any round Number, Foes will find the 
Angle VS .4, and the Length of the Right Line 
CA, according to the different Ratio between 


the Rectilineal Figure Ba, to which VSA is 


ſuppos'd equal, and the Square of /S. And the 


Magnitudes of the Right Lines 4 5, and of the 
| Angles 
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Angles VS 4 diſpos'd in Tables, ſerve for any 
Parabola, ſince (as was before ſhewn) the Right 
Line AS will, in every Parabola, ſtill have the 
ſame Ratio and Poſition to VS, the ſame Ratio 
remaining between B and S. 


PRO POSITION XXXIII. 


/ hs find a propos'd Comet's Heliocentric Place in 
Longitude and Latitude, and its Diſtance from 
the Sun at a given Time. | Fig. XXXVI.} 

Let $8 be a Cometr's Traedory, deſcrib'd 
by Prop. 26. and corrected by Prop. 31. in whoſe 
Focus S5, let the Sun be plac'd'; and let be a 
Point in it, in which the Comet is at any one 
of the Obſervations by which the Trajectory 
was determin'd: Let A be the Axis of this 
Trajectory, whoſe Poſition is known by Prop, 
30: By the ſame Prop. will alſo be known the 
Time that the Comet is in the Perihelium /; 
and let Q & be the I. ine of Nodes known in Po- 
fition by Prop. 28. If VR, the corrected Tra- 
jectory of the Comet, be found to be parabolical, 
take ſuch a Space as may be to the Space V 
(known from Archimedes's Quaudrature of the 
Parabola) as the Interval between the given 
Time and the before-found Moment that the 
Comet is in the Perihelium, to the Interval be- 
tween the ſaid Moment and the Obſervation of 
the Comet in «, call ſuch a Space B 9, By the 
foregoing Prop, Let the parabolic Space U RAS 
be ec, d equal to BY, and find as well the 
Poſition as the Low of the Right Line SA in 
Reſpect of S whoſe Poſition in Length, in Re. 
ſpect of the Diſtance of the Earth's Aphelium 
from the Sun, is known from what has been 
ſaid before. But if a Comet's Trajectory be 
found to be Elliptical, draw (by the 3d, 6th, : 

: 7. 
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mth Prop. of B. III. as was done in the Planet's 
Orbits) the Right Line 4, in ſuch Manner, 
that the Area VR A may be to the whole Area 
of the Comet's Orbit, as the. Interval between 
the given 'Time, and the Moment that the Comet 
is in the Perihelium, to the whole Periodical 
Time of the Comet, known from knowing its 
greater Axis; and you will have the Right Line 
SA, as well in Poſition as Length. In either 
Caſe, from A, to the Line of Nodes $203, draw 
the Perpendicular A N meeting with ?3 £4 at N; 
from the ſame A, to the Plane of the Ecliptic, 
let fall a Perpendicular meeting with it at -; 
join N, æ C; and the Angle 4 Ne will be the 
Inclination of the Plane of the Trajectory, to the 
Plane of the Ecliptic, and therefore known by 
Prop. 29. Becauſe the Angies VSA and V SN 
are known, the Angle NSA, which is their Sum 
or Difference, will alſo be known : 'Therefore, 
in the Triangle SNA rectangular at N, havin 
(by what foregoes) the Side S expreſs'd ij 
Parts of the Mean Diſtance of the Earth from 
the Sun, and the Angle NSA, you will have the 
Sides SN and NA. In the Triangle Na A rectan- 
gular at , knowing the Side NA, and the Angle 
ANe (which is the Inclination of the Comet's 
Trajectory, to the Plane of the Ecliptic, found 
by Prop. 29. and corrected by Prop. 3 1.) you 
will know the other two Sides Na and 44. A- 
gain, in the Triangle SN (in the Plane of the 
Ecliptic,) beſides the Right Angle at N, you 
have the Sides SN and Næ; therefore you will 
have the Side S and the Angle NS: But (by 
Prop. 29.) the Poſition of the Right Line & N is 
given; therefore alſo the Poſition of the Kight 
Line S* will be given; that is, the Heliocen- 
tric Place of a Comet reduc'd to the Ecliptic, or 
7 the 
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the Comet's Heliocentrical Longitude. Laſtly, 
in the Triangle SE A, rectangular at a, you have 
all the Sides, as-being found before ; therefore 
you will alſo know 4 S's the Comet's Heliocen- 
tric Latitude, if there is any Occaſion of re- 
ducing the Place of the Phænomenon, ſeen from 
the Sun to the Plane of the Ecliptic, rather than 
any other Plane. 5 

And on the Contrary, this ſnews you how to 
find the Time that a Comet will be in a given 
Place of its Trajectory. | 1 


PRO POSITION XXXIV. 


70 find the Heliocentric Place, as to Longitude 
and Latitude, and the Diſtance from the 
Earth, of a propos'd Comet at a given Time. | Fig, 
XXAVIL |: 
The ſame Things being laid down, as in the 
foregoing Prop. beſides them let BT be the Mag- 
nus Orbis, and in it letT be the Place of the Earth 
7 the Time given, found by Prop. 18. B. III. 
draw TA, Te: And (by Prop. 18. EJ. 11.) let the 
Plane of the Triangle 4 4 « be perpendicular to 
the Plane of the Ecliptic. In the Triangle T'S 
(in the Plane of the Ecliptic, you have the Sides 
Sa, ST, the firſt of them found by the forego- 
ing Prop. and the laſt from the 'Theory of the 
Earth (each expreſs'd in Parts of the Mean Di- 
ſtance of the Earth from the Sun) and the Angle 
& co mprehended by them, (for each of them 
is given in Poſition;) therefore you will alſo have 


the Side Te, and the Angle . But TS is gi- | 


ven in Poſition, namely, the Place of the Sun for 
a given Time; therefore the Poſition of the Right 
Line Ta is given, that is, the Place of the Comet 
in A ſeen from the Earth, reduc'd to the Eclip- 
tic, or the requir'd Geocentrical Longitude of 

2 "he 


ſtly, the Comet. Moreover, in the Triangle A = T. 
have beſides the Right Angle A T, you have the two 
efore Sides Aa, Ta, this laſt lately found in the Parts 
Wen; of the Mean Diſtance of the Earth from the Sun, 
fre- and the firſt of them found by the foregoing 
from Prop. in the ſame Parts; therefore the Angle A Tz, 
than the requir'd Latitude of the Comet, ſeen from 

the Earth, or its Geocentrical Latitude, is known; 
WW to as alſo the Hypothenuſe T A, being the Comet's 
ziven Diſtance from the Earth. Q: E. F. 


Thus may be known when the Motion of the 
Comet will be retrograde, in reſpect of its 


5 4 Motion before, becauſe the Earth, together with 
77TUAEC 


the Eye, has mov'd in the mean Time, as it hap- 
z the pens in reſpect of the Planets, when at the ſame 
Fig. Time the Comet, ſeen from the Sun, appears al- 
| ways to go on the fame Way. And, converſly, 
n the that Phænomenon of the Retrogreſſion of a Co- 
Mag- met, obſerv'd from the Earth, ſhews that Comets 
Earth are not very far diſtant from the Earth, but that 
2, III. when they are ſeen by us, they come down into 
et the the Region of the Planets: Moreover, as the 
lar to Eye and the Comet are carried about the Sun, 
75. in different Planes, the Comet ſeen by the Eye, 
Sides and referr'd to the Fix'd Stars, will, from the 
orego- Laws of Optics, appear not to deſeribe a great 
of the Circle among them, but to deviate differently 
m Di- from it; when at the ſame Time, if it was ſeen 
Angle from the Sun, which is plac'd in the Plane of the 
f them Trajectory, it would accurately deſcribe a great 
o have Wl Circle among the Pix'd Stars. This Deviation - 
$' 1s gi- from a great Circle (which alſo agrees with the 
zun for Planets, as well as the Retrogradation mention'd 
Right before) puts it out of all Doubt, that the Comets 
Comet are in the Region of the Planets. 
Eclip- | 
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PROPOSITION XXXV. 


TY deſcribe Tables neceſſary for readily and ex- 
actly finding the Places of Comets. 

The Trajectory of any Comet being defin'd, 
if it be found to be Elliptical, (ſuch as we ſup- 
poſe it will be found, as being the only one of 
the Conic Sections which agrees with the Fhe- 
nomena of Comets, if they are Bodies coeval 
with the World, revolving in an Orbit like the 

\Planets) Tables, for readily finding any Comet's 
Place for a Time given, will be of the (ane Kind 
(and conſtructed after the ſame Manner) as the 
Tables of the Primary Planets, and their Uſe the 
ſame, concerning which we have ſpoken in the 

39th and 4oth Propoſitions of the 3d Book. 
If the Orbits of all thoſe Comets, of which 
we have Obſervations accurate enough, are pret- 
ty nearly determin'd, their Periods are alſo known 
(as is ſhewn in the Scholium of Prop. 31.) and 
the Times that they will again be ſeen, and they 
may be corrected from Obſervations which will 
be made then; and at Length all Comets will 
be reduc'd to a Rule, perhaps in a ſhorter Time 
than has been done concerning the Planets, af- 
ter their Number and their revolving in Orbits 
were known. I hear that it is done in 24 Co- 
mets, (whoſe Places have been obſerv'd by A- 
ſtronomers) already by Dr. Haley ; and I have 
Reaſon to believe, that the Number of the Co- 
mets is not vaſtly great: But it is likely that the 
Periods of ſome of them are ſo great, from the 
immenſe Interval between Saturn, and the near- 
eſt Fix'd Stars, that they are not yet deſcended 
into the Regions of the Planets (where only they 
are viſible to us) ſince Aſtronomers have begun 
to look upon them as celeſtial Bodies, and more 
accu- 
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accurately to determine their Places ; therefore 


the Determination of the Orbits, in which thoſe 
Comets move, muſt be left to Poſterity. But 


ſometimes it will happen, that ſome Comet will 
finiſh a whole Period, and yet not be obſerv'd 
to do ſo by Aſtronomers, upon Account of its 
Nearneſs to the Sun; which, for the ſame Reaſon, 
does alſo ſometimes happen to Mercury itſelf. 
Beſides, the greater Axes of the Comet's Or- 


bits, upon Account of the Diſturbance ariſing 


from the Attraction either of other Comets or of 
Jupiter and Saturn, may a little change their 
Situation, and ſo the ſame Comet may be mi- 
ſtaken for a different Comet: But after ſeveral 
Revolutions the Thing will be plain enough ; 
for ſuch a Diſturbance will not produce very 
great Effects; and tho' the Orbit of the Moon is 
every Day chang'd, yet it is reduc'd to an A- 
ſtronomical Calculation, and conſider'd as if it 
was always the ſame. 

But tho* the Orbits of the Comets are not yet 
determin'd, ſome Tables may be conſtructed 
very uſeful for the more eaſie defining of their 
Motions, and a more ready Way of deſcribing 
their Trajectories: As for Example, a Table, by 
which, from the given Diſtance of a Comet from 
the Sun, in its Perihelion, expreſs'd in Parts of 
the Mean Diſtance of the Earth from the Sun, 
may be readily defin'd the Time that a Comet, 
after its Perihelion, as it recedes from the Sun, 
will get out of our Sight. For ſuppoſing the 
greater Semiaxis of the Orbit of the Earth to 
conſiſt of 100000000 Parts, an Arc of 592 
(which the Earth goes thro' by its mean diurnal 
Motion) will (by the Dimenſion of a Circle) 
contain 1720212 of thoſe Parts, and the twenty 
fourth Part of it, or an Arc deſcrib'd by the 
| Yyy3 Earth 
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Earth in its mean horary Motion, will have 
71675 of thoſe Parts: Therefore to the diffe- 
rent Diſtances of a Comet from the Sun, when 
in its Perihelium, muſt reſpectively be aſcrib'd 
Parts, gone thro' by a Comet in its Perihelium, 
in the Space of a Day or an Hour; for theſe 
Parts will be to the former Parts, as the Velocity 
of a Comet in its Perihelium, to the mean Velo- 
city of the Earth, that is (by Prop.17.) in a ſub- 
duplicate Ratio of 200000000 the greater Axis 
of the Orbit of the Earth, to the Diſtance of a 
Comet in its Perihelion from the Sun ; or Parts 
muſt be aſcrib'd, expreſſing the Area which a 
Comet, by a Radius drawn to the Sun, ſweeps 
thro* (as being made from multiplying the for- 
mer in half the Diſtance of the Perihelion from 
the Sun.) Moreover, ſince by Obſervation we 
pretty nearly know at what Diſtance from the 
Sun (in reſpect of the Diſtance of the Earth from 
it) a Comet mult be, to ceaſe to be ſeen with 
the naked Eye; that is, when the Ratio of tha: 
Diſtance, to the Diſtance of a Comet from the 
Sun in its Perihelion, is given, you will alſo 
(by the Inverſe of Prop. 33.) have the Area which 
a Comet, with a Radius drawn to the Sun, muſt 


deſcribe after it has paſs'd the Perihelion, that 


it may come to that Diſtance from the Sun, that 
is, that it may ceaſe to be ſeen; and conſe- 
quently the Time after the Perihelium; as for 
Example, (by Prop. 11. B. I.) for one Day as the 
lately found Area, to the before-found Area de- 
ſcrib'd in one Day by a Comet, by a Radius 
drawn to the Sun. Therefore to every Diſtance 
of the Perihelium, aſcribe an agreeable Time, 
in which the Comet, after it has paſs'd the Peri- 
helium, as it goes from the Sun, gets out of our 


Sight. 
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Juſt in the ſame Manner, and fron the ſame 
Principles, may be calculated a Table, readily 
ſhewing the Time that a Comet, after it has 
paſs'd the Perihelium, comes to a Diſtance from 
the Sun, equal to the Diſtance of the Earth from 
the Sun, if the Perihelium of the Comet is leſs 
diſtant from the Sun, than the Earth itſelf. And 
this Table may be join'd to the firſt Table, and 
will, as it were, make but one Table ; namely, 
by writing over-againſt every Diſtance of the 
Perihelium of a Comet, expreſs'd in Parts of the 
Semidiameter of the Magnus Orbis (beſides the 
Parts gone thro' by a Comet in its Perihelium, 
in the Space of a Day, and the Parts of the Area 
which a Radius ſweeps thro” in the ſame Time, 
of which we ſpoke above,) in one Column, the 
Time after the Perihelium in which it comes to 
a Diſtance from the Sun, equal to the Earth's 
Diſtance from it; in the other, the Time that 
it comes to a Diſtance four Times or five Times 


greater than the former, namely, that in which 


it ceaſeth to be ſeen by us. 

Thirdly, The Table calculated by the ſecond 
Scholium of Prop. 3 2. will be very convenient, 
in which, putting a round Number for the Di- 
ſtance of a Comet in the Perihelium from the Sun, 
over-againſt the different Bigneſs of the Area 
VAS (in the Fig. to which the ſaid Scholium 
refers) expreſs'd in Parts of the Square of the 
Right Line SV, ſet down the Quantity of the 
Angle SV 4 agreeable to it, and the Length of 
the Right Line SA expreſs'd in Parts of the Right 
Line SV alſo agreeable to it. For from that and 
the foregoing Table, and the known Diſtance of a 
Comet in its Perihelium from the Sun, you may 
readily know the Longitude of a Comet from 
the Perihelium when ſeen from the Sun, and the 

YES Diſtance 
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Diſtance of a Comet from the Sun's Center, a- 
greeable to the I ime before or after the Perihe- 
lium. For SV being given expreſs'd in Parts of 
the mean Diſtance of the Earth from the Sun 
(from the firſt Table) you will readily have the 
Area which is deicrib'd (a Radius being drawn 
to the Sun) by the Comet in the Space of one 
Day or one Hour: Therefore it will be given, 
expreſs'd in Parts of the Square of the Right 
Line VS, and fit for this third Table; and there- 
fore from the given 'Time before, or after the 
Perihelium, will be given the Area VA4sS, pro- 
portionable to the ſaid I ime in the ſaid Parts; 
therefore, from the third Table, you will imme- 
diately have the Angle 5A, which is the heli- 
ocentrical Longitude of the Comet from the Pe- 
rihelium, agreeable to the propos'd Area, and 
therefore proportionable to the propos'd Time, 
and alſo you will have in Parts, of V.,the Length 
of the Right Lines 4 agreeable to this, which, by 
Help of the Rule of IJ hree, may be expreſs'd in 
Parts of the Semidianeters of the Maguus Orbis, 

But from what has been ſaid in former Pro- 
poſitions, other Tables alſo may be conſtructed, 
for making eaſy the Calculation of the Comet's 
Motions, which we muſt leave to the Induſtry 
of Aſtronomers. | 


SCHO LIVA. 


By the foreſaid Method, or one like it, Dr. 
Haliey has determin'd the Orbit of the Comet, 
which appear'd about the End of the Year 1680, 
and ſome of the following Months, which he 
aſlum'd as Farabolical, and found (as it appears 
from his Letters to Sir I/aac Newton) that the 
Perihelium of its Orbit was in 7 2%. 22'. 300; 
and therefore its Aphelium in It 27%. 22. 30%, 
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that the principal Latus rectum of its Orbit was 
0,0 243 Parts, of which the mean Diſtance of 
the Earth from the Sun is 1. Beſides, he found 
this Orbit ſo plac'd in reſpect to the Plane of the 
Ecliptic, as to be inclin'd to its Plane in an An- 
gle of 61. 20/. 20”, and the aſcending Node 
in VS 1. 53% and the deſcending one in © 1“. 
53 and that the Comet mov'd ſo in this Orbit, 
as to be in its Perihelion in the Year 1680, on 
the 8th Day of December Old Stile, o Hour 4 Mi- 
nutes after Noon. He found alſo the Orbit of 
the Comet of the Year 1683. figured and poſi- 
ted after the following Manner, 97s. its Perihe- 
lium in If 25?. 29. 30”, which it was in on the 
3d Day of July, Old Stile, 2 Hour. 5o' ; the 
Latus rectum of this Orbit of 2, 2408 Parts of 
which the mean Diſtance of the Sun from the 
Earth is 1, the Inclination of this Orbit, to the 
Plane of the Ecliptic 83*. 11', aſcending Node 
m 23%. 23 and deſcending Node in & 239. 23/. 
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"4 Comparative Aſtronomy. 


FONG 


78 N the Five foregoing Books, we have 
Plc explain'd Aſtronomy, as it is agree- 
( G able to the Inhabitants of the Earth; 
that is, we have deſcrib'd the Pha- 
nomena of the Fix'd Stars, of the 
Sun, of the Planets and Comets, as they are 
ſeen from the Earth, and we have taught how 
to find the reſpedtive Places of every one of 
them for a given 'Time, and other Things of 
that Nature, each in its proper Place : And now 
we ſhall, in a few Words, ſhew what Kind of A- 
ſtronomy the Inhabitants of the reſt of the Pla- 
nets 


6218 
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nets, and other vaſt Bodies which are diſpers'd 
over the Univerſe, wou'd eſtabliſh, Not that 
we believe, and much leſs affirm, that there are 
any ſuch Aſtronomers any where ; but by ſup- 
poſing the Eye to be plac'd ſometimes in one, 
and {ſometimes in another of the Cœleſtial Bo- 
dies, and explaining what Sort of Aſtronomy a 
Spectator wou'd eſtabliſh according to his diffe- 
rent Station, we hope to give no ſmall! Light 
for the thorough Underſtanding of thoſe Things 


which we have ſaid of this our Earth : For, we 


wou'd not ſpeak of ſuch empty Appearances, 
and never ſeen, or likely to be ſeen, in any one, 
unleſs it was for this End. Therefore, as we go 
on, we ſhall not only ſuppoſe the Eye in = 
Planets which move about the Sun, and their 
Satellites, where ſeveral famous Men have for- 
merly, and do now believe, that it is probable 
that there are Inhabitants endu'd with Senſe, 
but we ſhall ſuppoſe it alſo in ſome one of the 
Comets, in the Sun itſelf, and in the Fix'd Stars, 
where no body has ever ſuppos'd Inhabitants. 

A great many eminent Men have taken Pains 
to illuſtrate this. Plutarch ſays many Things 
with Regard to this, in his Book of the Face in 
the Orb of the Moon. Kepler wrote a Book of 
Lunar Aſtronomy, publiſh'd after his Death, un- 
der the Title of TheAftronomical Dream, in which 
he ſpeaks of ſeveral Phyſical and Aſtronomical 
Matters, as he always does every where elle. 
But in explaining the Phenomena ſeen from the 


Moon, he has made ſome few Errors, becauſe he 


took no Notice of the Libration of the Body of 


* 


the Moon, or elſe he did not refer it to its pro- 


per Cauſes: Therefore I have been forc'd to alter 


it quite. The famous Chriſtian Hugeus has lately 
publiſh'd a Theory of the World, full of learned 
Con- 
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Conjectures, in which he has ſhewn ſeveral A- 
ſtronomical and Phyſical Conſiderations worthy 
of his Genius. But theſe two ingenious Men 
were in earneſt about the Inhabitants of the 
Planets ; eſpecially Hugens, who did not at all 
doubt, but that in every one of the Planets 
were Inhabitants like, or, at leaſt, not very un- 
like thoſe of the Eerth; and to this Purpoſe it 
was, that he wrote a Book, rather of Phyſical, 
than of Aſtronomical, Conſiderations. But I, 
who have only undertaken to treat of Aſtrono- 


my, have ſaid noching concerning the Things 


neceſſary, or convenzent, for the animal or ſen- 
ſitive Life, which may be found, or are want- 
ing, in particular Planets: I have only plac'd 
the Eve (which, with the Reader's Leave, 1 
ſhall ſometimes call a Spectator) as beholding 
Things above and round about it. 

Beginning at the Sun, where the Aſtronomy 
is molt ſimple, I ſhall go on, in Order, to Mercu- 
ry, and the other Planets: The moſt remarkable 
Phenomena, belonging to every one of them, 
ſhall be treated of by themſelves; but thoſe that 
are common to many, are reterr'd to one and the 
ſame Propoſition. 'Then transferring the Eye to 
ſome Comet, I ſhall obſerve what would be ſeen 
from ſuch a Place ; and, by Way of Corollary, 


we deſcribe how our Solar Syſtem wou'd appear, 


if ſeen from ſome Fix'd Stars. Laſtly, ſeveral 
Phenomena which will appear to a Spectator in 
the Earth's Attendant, the Moon, and beſides, ſc- 
veral Phænomena, that would appear from one of 
the Satellites of Jupiter and Saturn, are ſhewn. 

I mention, by the Bye, what will be the true, 
and what the apparent, Aſtronomy, in theſe dif- 
ferent Stations; what Conveniencies they will 


have, and what Inconveniencies they will be 
| ſub- 
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ſubje& to, who, by Obſervations made from 
theſe Stations, wou'd endeavour to find the true 


Syſtem of the Circumſolar Planets, and meaſure 


heir Diſtances and Magnitudes. And laſtly, I 
ſhew which is the moſt convenient Situation for 
Aſtronomy, as well among the Primary, as a- 
mong the Secondary Planets. 

The Phenomena, that are look'd upon by the 
Inhabitants of the Earth as principal, I alſo e- 
very where hold as principal, v7z. the Viciſſi- 
tude and Meaſure of Day and Night ; the Order 
of the Fix'd Stars; the apparent Magnitude of 
the Sun, the Quantity of its Light, and Inten- 
ſity of its Heat; the Length of the Years and 
Months ; the Summer and Winter ; the Phaſes 
of the Moon; the Eclipſes of the Luminaries ; 
the Number, Directions, Stations, and Retrogra- 
dations of the Planets ; the Aptitude of Phæno- 
mena for the finding out of the true Syſtem ; 
the exact Accuracy that is requir'd in Obſerva- 
tions that are of Uſe in Aſtronomy, and other 
Things of that Nature. 


PRO POSITION UI. 


FR what will be the chief Phenomena, 


when the Eye is in the Sun. 


lf the Eye is ſuppos'd in the Sun's Center, 


looking round about every Way, the Fix'd Stars, 
nd all the Planets, will appear to be in a Sphere 
oncentric to the Eye, as it happens to us when 
we look from the Earth ; and, indeed, the Fix'd 
Stars, and the Milky Way, will appear in the 
ſame Order, and difiribured into the ſame Con- 
ſtellations, as they appear to us Inhabitants of 
the Earth. For, ſince the Order of the Fix'd 
Stars, and the Figures of the Conſtellations, are 
not chang'd, in reſpect to us who are carried 
5 with 
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with the Earth about the Sun, it is plain that it 
remains the ſame to the Eye placed any where 
within that Circle, and therefore to it in the 
Sun's Center. If the Repreſentation of Things, 
which give Names to the Conſtellation, be drawn 
forward and concave, they will become the 
Schemes, or Conſtellations, of the Ancients ; but, 
if they be drawn backwards, and cor vex, they 
will become the modern Figures of the Con- 
ſtellations, more fit for artificial Globes, than 
for the Heaven itſelf. | 

It is alſo plain, that the Order of the Fix'd 
Stars will remain the ſame, if the Eye be on the 
Surface of the Sun, or in Mercury, or in Venus, 
becauſe they are contain'd within the Orbit of 


the Earth. But alſo becauſe of the immenſe Di- 


ſtance of the Fix'd Stars, upon Account of which 
it happens, that tho* the Place of the Obſerver 


is mov'd, the whole Diameter of the Magnus 


Orbis, the Order of the Fix'd Stars does not ap- 
pear chang'd in the leaſt ; if the Eye be in Sa- 
turn, the outmoſt of the Planets of the ſolar Sy- 
ftem, this Order will remain the ſame, or, at leaſt, 
not ſenſibly chang'd. For the Change of Di- 
ſtance, which is inſenſible to us, if it be ten 
times greater, (which may happen, becauſe the 
Diſtance of Saturn from the Sun is ten times 

eater than that of the Earth from it, will not 
be very ſenſible. 

Tho? the Planets ſeem plac'd among the Fix'd 
Stars, our Obſerver will, in a little Time, diſtin- 
guiſh them from the Fix'd Stars, obſerve the Pe- 
riod of each of them, and compare them toge- 


ther, taking the Period of one for a Meaſure, to 


which the Period of the reſt muſt be referr'd. 


And, altho' we ſuppoſe the Obſerver unmov'd, 


(becauſe he is ſuppos'd in the Sun's Center) 
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and, for that Reaſon, liable to no Change of Si- 


tuation (or any thing like it) by which he may 


meaſure the Diſtances of the Planets, he will 
naturally conclude, that of two Planets compa- 
red together, that is the remoteſt which takes 
up more Time to return to the ſame Fix'd Stars; 
and therefore, that Saturn is the remoteſt, Jupi- 
ter nearer, then Mars, then the Earth below it, 
then Venus, and loweſt of all Mercury. 
Neither is there Reaſon to doubt, but that the 
firſt Aſtronomers made Uſe of that Rule for find- 
ing out the Order of the Planets: (For the Opini- 
ons which Plutarcb, in his 2d Book of the Opini- 
ons of Philoſophers, makes Mention of that of Ze- 


nocrates, who ſuppos'd the Stars to move in one 


and the ſame Surface; and that of Metrodorus 
of Chios, and of Creates, who believ'd the Sun to 
be plac'd higheſt of all, and after it the Moon, 
then the fix'd and wandring Stars, were ei— 
ther the Notions of ignorant Men, or, as I am 
more inclin'd to believe, of ſuch Men as had a 
Mind to hide the 'Truth : ) Tho' it be more diffi- 
cult to apply it from the Earth than the Sun, by 
Reaſon of the Stations, and Retrogradations, of 
the Planets ſeen from the Earth ; therefore we 


have been oblig'd to obſerve ſeveral of their Sta- 


tions and Retrogradations, to know from their 
mean Motions, what their Periods are. But the 
whole Revolution of each of them, was not ſo 
eaſily known; becauſe, when ſeen from the 
Earth, they did not, after one whole Revolution, 
return to the ſame Fix'd Stars, becauſe the Ob- 
ſerver's Situation is not then in the ſame Place. 
Notwithſtanding theſe Inconveniencies, they be- 
liev'd Saturn the remoteſt, becauſe the moſt 
flow, then Jupiter, then Mars, and the Moon 
loweſt of all. But, concerning the three re- 
maining 
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maining ones, namely, the Sun, Venus, and 
Mercury, there was ſtill left Room tò diſpute, 
becauſe they found their mean Motions equal 
thro' the whole Zodiac. Whence, ſome plac'd 
Venus next to Mars, Mercury next to it, and 
then the Sun, as Plato the Younger did; others 
put Mercury next to Mars, then Venus,and then 
the Sun, as Porphyry : Alpetragius makes Venus 
to be under Mars, then the Sun, and then Mer- 
cury ; others plac'd'the Sun next to Mars, then 
Venus, then Mercury, as Prolemy himſelf, and ſo 
the Sun was number'd, as plac'd, in the Middle, 
in the Order of the Planets ; (Saturn, Jupiter, 
and Mars being above it, and Venus, Mercu- 
ry, and the Moon below it;) which differ'd ve- 
ry little from the moſt ancient and true Syſtem, 
in which the Sun is in the Middle of the Pla- 


nets, which, about that Time, was ſcarce out of 


Date, at leaſt not in the Expreſſion. Others, 
in the mean Time, from the Equality of the 
mean Motion of thoſe three Ccœleſtial Bodies, 
affirm'd, that Venus and Mercury went round the 
Sun, and that their Orbits were carried by the 
Sun, as Epicycles ; which Opinion was agreeable 
to Cicero and the Ægyptian Philoſophers ; un- 
leſs we rather think, that this Order of thoſe 
three Bodies was the Remains of the true Sy- 
ſtem of the World, not yet loſt among the . 
gyptian Prieſts. 

But our ſolar Obſerver will have no ſuch 
Things to hinder his Reaſonings; for to him all 
the Planets will be continually direct, with Pe- 
riods altogether different, and will appear to re- 
turn to the ſame Fix'd Stars, whence their Or- 
der will be, without Heſitation, ſettled from the 
foreſaid Principle: Which, in Courſe of Time, 
will be more confirm'd, when (they being analy 
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diſtinguiſh'd from one another, either by their 


| Magnitude obſerv'd before, or their different 


Colour)' an inferior one will be eaſily ſeen to 
cover a ſuperior one. Cath, 19 
The Spectator will alſo in a little Time find, 


that if he compares any Planet with the Fix'd 
Stars, it will ſometimes go flower, and ſometimes 


go ſwifter, and from the ſaid Rule will conclude 
that it is ſometimes nearer, and ſometimes fur- 
ther off, which' will appear more plainly from 
the Change of its apparent Diameter. But when 
he has obferv'd that the Velocity is not increas'd 
in the ſame Ratio as its apparent Diameter, but 
almoſt in a duplicate Ratio, he will find that the 
Change of Velocity is not altogether optical, 
but that half of it is really in the Planet, And 
that the other half appears, fo by Reaſon of the 

greateſt Nearneſs. item in bat 
Tho' he eaſily has the Order of the Planets 
rightly eſtabliſh'g, it will not be ſo eaſy for him 
to compare their different Diſtances from the 
Sun one with another: For here is wanting 
(what we have upon Earth) the Tranſlation of 
the Obſerver from one Place to another, or the 
Diverſity of Stations, by which he may com- 
pare the different Diſtances from himſelf with 
the Diſtance of the Stations. 3 
If we remove the Eye from the Sun's Center 
to its Surface, then all theſe Things will be plain 
from the Parallax of the Planets: For the 3 
zontal Parallax of the Earth, to an Eye ſo placed, 
is equal to the Sun's Semidiameter ſeen from the 
Earth, vis. 16, and therefore ſenſible enough; 
and the horizontal Parallax of Saturn himſelf, 
which is ten times farther diſtant, will exceed a 
Minute and a half, whilſt that of Mercury ariſes 
almoſt to 5o'. Since then theſe Parallaxes are 
ERS - ſenſible 
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ſenſible enough, the Diſtances of the Planets may 


be compar'd with the Sun's Diameter, and there- 
fore alſo with each other. The Eye being thus 
plac'd, all the Fix'd Stars and Planets will appear 
to revolve from: Eaſt: to Welt in the Space of 
twenty five of, our Days. The Northern. Pole: 
of that Revolution will be in that: Place which 
we, Inhabitants of thę Earth, refer to the tenth, 
Degree of Piſces; with a Northern Latitude of 83. 
or 84 Degrees, whence the Arctic Polar Star will. 
be at the ſecond Flexure of the Dragon, and 
which is not above three Degrees from the Pole 
itſelf. The South Pole will be in the tenth De- 
gree of Virgo, 83 or 84 Degrees towards the 


South, near to a Star of the fourth Magnitude ;: 


which, according to the ingenious Dr. Halley, 
is to be ſeen in the firſt Oar of the Ship Argo. 

And tho' the foreſaid Obſerver has no Viciſſi- 
tude of Night, as being plac'd in the Surface of 
a moſt lucid Body, which makes Day, yet the 
Fix'd Stars and Planets. will make unequal Arcs 


above and below the Horizon, as- they declin'd 
towards the Pole, which is rais'd above the E- 


quator, or to that which is depreſs d below 
it, juſt as it happens to us, Inhabitants of the 
Earth. | 


The Planets, ſeen from the Sun, appear of dif- 


ferent Magnitudes. The Diameter of Saturn ſub- 
tends an Angle of 18”, that of Jupiter of about 
40”, that of Mars of only 8“, of Venus an Angle 


of 28", and Mercury 20”. The famous Hugens 
lays downthe Diameters of the moſt remote ones, %, 
vi. Jupiter and Saturn as much greater; making 


that of Jupiter almoſt 54” ; and that of Saturn 
without his Ring, 27”. 
apparent Diameter from the Sun to be a Mean 
between the Diameters of the neareſt, * 


If we make the Earth's 
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8 the apparent Diameters of Venus and Mercury, 
| it will be 24“; if we make it a Mean between 
the Diameter of the four neareſt to the Sun, (for 
the two ſuperior ones, Jupiter and Saturn, are 
altogether different, in Magnitude, from the in- 
ferior Planets) it will be of about 18” or 19", 
ſach as Mr. Caſſiui lays it down. 
Of theſe ſix Planets three have Satellites ; 
namely, the Earth has only one, which is the 
Moon, which will appear to go from it, at moſt, 
only ten Minutes ; Jupiter has four Moons, the 
furthermoſt of which will neyer go further from 
Jupiter than 9“; Saturn appears accompanied 
with five Satellites, (beſides the Ring) whoſe 
outermoſt goes about as far from Saturn. The 
Ways of theſe Satellites, ſeen from the Sun, be- 
ing ſometimes more and ſometimes leſs oblique- 
ly ſeen, will appear Ellipſes, ſometimes broader 
and ſometimes narrower.. Sometimes the Planes 
of the Orbits, produc'd, go thro* the Sun, in 
which Caſe the Ellipſes are chang'd into Right 
Lines, which happens twice in every Revolu- 
tion of that Orbit about the Sun, if the Plane of 
it remains parallel to itſelf; whence the Satellite 
will ſometimes appear cover'd by its Primary 
Planet, and ſometimes again to cover it, and at 
another Time to move in anEllipfis about its Diſc. 
Ihe Primary Planets, and their Satellites, have 
their Surfaces not only not ſmooth and poliſh'd, 
but ſo uniform as to have ſeveral brighter and 
darker Places, that is, which do more or leſs re- 


Angle 
[ugens 


3 flect the Rays of the Sun, by which they are en- 
8 lighten'd. Theſe Spots, by the Rotation of the 

aturn : Aae tion C | 
Earth's Planets about their proper Axes, deſcribe Circles; 
Mean therefore, when ſeen from the Sun, their Ways, on 


the Plane of the Planetary Diſc will be ſometimes 
elliptical, and ſometimes ſtreight, (as the before- 


27 
1 mention'd' 
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mentioned Satellites Ways) according as the 
Sun is lifted up above either Side of the Plane 
of the Circles, or is found in it, as it is at 
the Time of the ZXquinox of that Planer. 
If there are Series or Fir of thoſe Spots, as in 
Mars and Jupiter, theſe will be ſeen bent into 
Semi-Ellipſes (for the other Half of the El- 
lipſis lies on the back Side of the Flanet) or ex- 
tended into Right Lines; which alſo happens to 
the outward Edge of Saturn's Ring. But ſome 
of the Spots are ſometimes hid for ſome Time, 
and ſometimes appear again as long; namely, 
when a Planet approaches the Pole, which is 
turn'd from the Sun, or that which is towards it. 
Theſe things are very obſervable in Saturn and 
the Earth, but ſcarce in the others; becauſe in 
them the Light of the Sun always reaches from 
Pole to Pole. 

The Eye, plac'd in the Sun, will fee no Sha- 
dow nor Eclipſe, becauſe they are always turn'd 
from the Sun, Bur ſometimes to an Eye on the 
Surface of the Sun, when the Planet is in the 
Horizon, its Satellite will appear in the Pe- 
numbra of it, or the Penumbra of the Satellite 
may appear caſt on the Diſc of the Primary Pla- 
net, which will be known by the Colour, which 
will be ſomething duller. Sr 

Moreover, the Heliccentric Places of Planets 
(and therefore with more Difficulty their Places 
ſeen from a Point on the Sun's Surface) will be 
eaſily determin'd by what has been ſaid in the 
3d Book. Nay, we muſt determine every Pla- 
net's Heliocentric Place, before we can deter- 
mine its Geometrical one. 

Beſides, the fix Primary Planets, and the ten 
Satellites (for hitherto we, Inhabitants of the 

Earth, have ſeen juſt * many) which to 
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a ſolar Obſerver will appear to move in a Zodiac 


ſcarce ſixteen Degrees broad, and not much in- 
clin'd to the Circle of the firſt Motion and the 
ſame Way, and its Orbits almoſt concentric to 
the Sun; beſides them, I ſay, there are other 
Bodies of a different Kind, whoſe Number is yet 
uncertain, carried in every excentric Orbits (call'd 
Comets) which ſometimes come near to the 
Sun, and ſometimes go off to immenſe Diſtan- 
ces from it. Theſe Comets will appear to be 
carried among the Fix'd Stars, not all the ſame 
Way, but one one Way, and another another, 
(tho' 11 ſingle one, obſerv'd by itſelf, will al- 
ways go the fame Road ; and for the moſt Part 
do not go in the Zodiac, or Way of the Planets, 
but in Ways very much inclin'd to it, but al- 
ways in great Circles of the Sphere. 
The Comets are not only diſtinguiſh'd from the 
Planets by the great Difference of their Motion, 
from the Motion of the Planets, but by their Hai- 


rineſs, which, being ſeen from the Sun, does not 


(as it often happens with reſpect to us) extend 
itſelf like a Tail, but appears always to encom- 
paſs the Head, as we ſee it, when a Comet is in 
Oppoſition with the Sun in reſpect to the Earrh. 
But ſuch a Periwig is ſometimes thicker towards 
that Part among the Fix'd Stars where the Comet 
it going, but more extended towards the con- 
trary Parts. Moreover, that Hairineſs is {ink 
er, and brighter, when the Comet deſcends 
to its Perihelium ; not only upon optical Ac- 
counts, becauſe it is both nearer to the Eye and 
the Sun which enlightens it; but chiefly becauſe, 
the Vapour which cauſes it, is thrown out in 
greater Quantity, by reaſon of the Encreaſe of 


the Heat which cauſes it. But the Perewig a- 


bout a Comet will not even then appear to a 
2 22 3 ſolar 
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ſolar Obſerver, to be compar'd to that which at 
ſuch a Time wou'd appear to a terreſtrial Ob- 
ſerver. 

What we have ſaid is upon Suppoſition, that 
the Eye in the Sun is not hinder'd by the At- 
moſphere about it, from ſeeing as far, and as 
freely, as we do in the Night, when the Mogn 


aoes not ſhine. For if it had a ſharper or dul- 


ler Sight, it might ſee other Things further off, 
or Wa enlighten'd, or not ſee the Things which 
we have mention'd ; but if it ſees them, it will 
ſee them in the foremention'd Manner. 
Beſides, the foreſaid Fhænomena ſeen from 
far, it will ſee a great many Changes on the Suy- 
face of its own Habitation: For at one 'Time it 
will be cover'd with great, denſe, and frequent 
Spots or Iſlands, which in a little Time will 
change their Figures, and then be altogether diſ- 
ſipated and vaniſh ; ſometimes for a Jong I ime 
there appear no ſuch Spots (at leaſt not ſo greaf 
or denſe) for a long Time. But to an Eye in 
the Place which we mention, they will not be 
Jook*d upon as cœleſtial I hanomena ; ; therefore 
we ſhar't ſay much of em in this Place. | 


PrxoPoSITION II. 
72 deſcrile chat PLanomena will appear to 
an Eye in Mercury. 

Beſides the Phænomena of the Order of theFix'd 
Stars, which agree alike with an Eye plac'd any 
where within the Orb of Saturn, it is plain that 
the Eye, poſited in Mercury, will ſee the Sun al- 
moſt three Times broader than we ſee it from the 
Earth, becauſe (by Prop. 40, and 42. B. I.) Mer- 
cury is almoſt three Times nearer to thezSun than 
the Earth. Whence alſo the ſolar Diſc, ſeen from 
Mrd is ſeven Times greater than the Piſe 
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as it appears to us, and (by Prop. 48. B. I.) Mer- 
cury has ſeven times more Light and Heat, cæ- 


teris paribus, than the Earth. But theſe Quali- 
ties are much more, or leſs intenſe, according 
to che different Diſtance of Mercury from the 


Sun; For its Orbit is much more excentric, 


than the Orbit of any other Planet. 

The accelerating Gravity, towards the Sun, is 
alſo ſeven times greater there than here. The 
Denſity of Mercury, and conſequently the acce- 
lerating Gravity of Bodies, on its Surface towards 
its Center, may be gather'd from Prop. 49. B. III. 
thoꝰ leſs accurately than that towards the Sun, 


becauſe it is only done Analogically. But we 


ſhall not ſpeak of ſuch Things here, or in the fol- 
lowing Pages, as not belonging to the cœleſtial 
Phenomena, which alone are to be conſider'd in 
this Place. | | 

It has not yet been found by Obſervation, 
whether Mercury turns upon its own Axis, and 
therefore it can't be certainly defin'd, whether 
to an Eye, plac'd on its Surface, all the Things 
without will appear to revolve with a contrary 
Motion; that is, whether it has the Viciſſitude 
of Day and Night, much leſs what is the Space 
of its Nychthemeron, or natural Day; but one 
may ſafely enough conjecture that it does re- 


volve about its Axis, ſince the other Planets do. 


But the Year of Mercury is ſcarce equal to a 
Quarter of ourYear, tho' it is uncertain whether 
it has different Seaſons, becauſe they depend 
upon the Inclination of the Axis of its Rotation, 
which is unknown to the Plane of the Orbit, 


- which it deſcribes about the Sun. 


The Eye plac'd in Mercury, looking at the 
Sun, will ſee the Sun's Spots (when it has any) 
ſometimes in a Right Line croſſing his Diſc from 
EO £4254 Eaſt 


1 


appear elliptical and curve, toward one Side or 
t'other; as was ſhewn in the Schol. of Prop. 70. 


B. IV. and all the Variety of this Fhzxnomenon 


will happen in one Year, in which the 'Track or 


Way of the Spots will appear twice rectilineal. 


In this Cafe Mercury will ſee all the Spots on the 
Sun's Surface, becauſe, being in the Plane of the 
Sun's Xquator, it will ſee each of its Poles in the 
Margin, or Edge of the Diſc. But when the Eye 
is rais d above the Plane of the ſolar Equator to- 
wards either Pole; that is, when the Spots ap- 
pear to deſcribe an Ellipſe, one Fole and the 
Spots near it are hid in the Sun's hinder Hemi- 
ſphere. But in every Caſe a Spot near the Sun's 
Limb will appear of a Figure different from that 
which it had in the Middle of the Diſc, as being 
very obliquely ſeen. 4-6 

But the Way of the ſolar Spots, ſeen from 
Mercury, will be always almoſt ſtreight ; becauſe 
Mercury never much declines from the Flane of 
the Sun's Aquator, and therefore not ſenſibly 
from the Planes of the Circles, which the Spots 
deſcribe by their Rotation. 

And, as the Plane of the Orbit of the Earth is 
molt of all inclin'd to the ſaid Flane of the Sun's 
Equator, the Way of the Spots, ſeen from the 
Earth, appears more curve, than if the Sun was 
ſeen from any other Planet. 'I his Curvature 
will be ſomething leſs ſeen from Jupiter or Mars, 
and yet leſs from Saturn, leſs {till from Venus, 
and leaſt of all from Mercury, as we juſt ſaid. 
Mercury will alſo ſee the Way as well of the Sa- 
tellites as of the Spots of the other Planets, ſome- 
times extended in a Right Line, ſometimes bent 
in a Curve, and {ome of them ſometimes hid for 
a great while, and ſometimes as Jong viſible, ac- 
cording 
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Eaſt to Weſt, at another Time their Way will 
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cording as they are near to, or diſtant from th 
hidden or ſeen Pole of the Planet. | 
The other five Planets are ſuperior to Mercu- 
ry: Therefore their Phenomena are to an Eye 
plac'd in Mercury, as the Fhznomena of Mars, 
Jupiter and Saturn, ſeen from the Earth, con- 
cerning which, ſee the th, 8th and th Propoſi- 
tions of the firſt Book. Therefore Venus and 
the Earth, when they are in Oppoſition with the 
Sun, will ſhine with a full Orb, and reflecting the 
Sun's Rays very directly, will ſhine upon Mer- 
cury all Night, and poweafully expel the Dark- 
neſs. For fince Venus, when it is horned, and 
ſhews the leaſt Part of its enlighten'd Hemi- 
ſphere, to the Inhabitants of the Earth, is fo 
bright as to caſt a Shadow, it will appear very 
bright to Mercury, to which it turns its whole 


enlighten'd Hemiſphere. The Earth alſo has a 


great Power of reflecting the Sun's Rays, as it 
appears from the Light which it caſts upon that 
Part of the Moon's Diſc w hich is turn'd towards 
it: But being as well more diſtant from Mer- 
cury, which is to te enlighten'd, as from the 


Sun, from which it receives its Light, it will do 


much leſs, in this Caſe, than Venus, unleſs it 
ſhcou'd be more apt to reflect Light than Venus, 
which is not likely. 'The ſuperior Flanets do 
yet enlighten Mercury, with a weaker Light, 
than they do us. 

Mercury ſees no inferior Planet known to us, 
and therefore ſees no cœleſtial Body falcated or 


| horned; and therefore a Spectator there, will 


want the Argument taken from ſuch Fhaſes of 
the Planets, to eſtabliſh the true Syſtem of the 
World: For the Fhaſes of the inferior Planets 


have clearly ſhewn, that they moved about the 


Sun; whence it was natural to think the ſame of 
the 
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the other Motions. But nevertheleſs, tho' we 
don't ſee any Planets inferior to Mercury, it 
does by no Means follow that there are no ſuch: 
For Mercury himſelf is ſeldom ſeen in our ob- 
lique Sphere, and one, that ſhould be much infe- 
rior to it, wou'd never be ſeen, upon Account 
of its Nearneſs to the Sun. 
An Obſerver in Mercury, as well as we upon 
Earth, wants Mediums to compare the Diſtances 
and Diameters of the cœleſtial Bodies with the 
Diameter of his Habitation, or with his own 


Meaſures, unleſs he has very exact Inſtruments, 


For the Parallax of the Sun, ſeen from Mercury 
(as far as we can gueſs from Analogy) is lefs 
than its Parallax, when ſeen from the Earth; the 
apparent Diameter of Mercury, ſeen from the 
Sun, being leſs than the Diameter of the Earth 
ſeen from it: And Venus, when in Oppoſition 
with the Sun, and therefore neareſt to Mercury, 
is near as far from Mercury as the Sun; and 
therefore the Parallax of Venus (even when Mer- 
cury in its Aphelium ſees it oppoſite to the Sun, 
and conſequently neareſt of all to itſelf ) is not 


greater than the Parallax of the Sun ſeen from 


the Earth. And theſe are the two great Bodies 
of the World, near to Mercury, which have the 
molt ſenſible Parallax. 

But becauſe Mercury changes its Place, a Spe- 
ctator in Mercury, by Obſervations made from 
different Stations, will gather the Ratio between 
the Diſtance of Mercury from the Sun, and the 
Diſtance of any other Planet from it, after the 
ſame Maner, as we Inhabitants of the Earth do 
it from the Parallax of the Magus Orbis. But 
certainly it cannot be ſo ſafely determin'd, be- 
cauſe the Diſtance of Mercury from the Sun is 


not ſo great, in reſpect of the Diſtance of the o 


ö ther 


x VI. 


ho? we 


ſuch: 
ur ob- 
h infe- 
count 


upon 
tances 


th the 


S OWN 


ments, 


2rcury 
is leſs 
h 3 the 
m the 
Earth 
oſition 
rcury, 
and 
| Mer- 
Sun, 
is not 


from 


Bodies 
ve the 


a Spe- 

from 
tween 
1d the 
er the 
rth do 

But 


1, be- 


zun is 


the o 


the} 


Book VI. of ASTRONOMY. 8270 
thes Planets, as the Diſtance of our Earth from 
the Sun. Bur as it is yet ſenſible enough in re- 
ſpect of them, being about the five and twen- 
tieth Part of the Diſtance of Saturn from the 
sun; the Ratio of all thoſe Diſtances will conve- 
nicntly enough be determin'd by Obſervations 
made in Mercury, if ſo be that the Obſerver 
knows the Motion of its Habitation about the 
Sun. But if, truſting co his Senſes, he thinks 
his Mercury to be immoveable, he won't be able 
to do even this, any more than our Aſtronomers 
Inhabitants of the Earth, as long as they look'd 
upon the Earth as immoveable; which is evident 
from the Diſtances of the Planetary Orbits, aſ- 
ſign'd by the Followers of Ptolemy, ſo vaſtly dit- 
ferent from 'one another, and yet agreeing well 
enough with the Fhænomena. For in the Syſtem, 
whereby the Obſerver's Place is ſuppos'd im- 
moveable, if an Epicycle be ſuppos'd for any one 
of the ſuperior Planets to run thro' in one Re- 
volution about the Sun, and ſufficient to explain 
its greateſt obſerv'd Diſtance from the Place in its 
Excentric near the Quadrature with the Sun, the 


| Semidiameter of the Excentric, which is the De- 


ferent of the Epicycle, may (without contra- 
dicting the Phxnomena) be taken of any Mag- 


nitude, fo that it be ſuch that the Planet, when 


neareſt, may be further from the Earth, than 
what wou'd make its Diſtance liable to be defin'd 
from the Parallax : Nay, nothing hinders Mars 
from being plac'd above Jupiter, or Saturn be- 
low Mars, unleſs it Le the Rule given in the 
foregoing Prop. and that depends upon Sagacity, 
and not Demonſtration. | 

The Flaces of the Sun, and all the Planets, 
ſeen from Mercury, are found the ſame Way, as 
when leen from the Earth, and defin d by the 


Help 
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Help of the Tables in B. III. For fince out of 
them the Heliocentric Places, as well of Mercu- 
ry, A of any other Planet, are readily defin'd, 
the Hermocentrical Place of this other will be 
defin'd by an Operation, like the Operation of 
the goth Prop. B. III. which is alſo true of any 
other Planet, and therefore 1 ſhall not repeat it 
in the following Propoſitions. 25 

The Phænomena of the Comets feen from 
Mercury, or any other of the Planets, are al- 
moſt the ſame as their Phænomena ſeen from 
the Earth, of which we ſpoke in the foregoing 

BoOR ;; for _ differ in nothing but their Di- 
ſtance. 


PROPOSITION III. 


To deſcribe the ri ans; as ſeen by an Eye 
in Venus. 

In Venus the Sun's Diameter appears almoſt 
as little again as it does in Mercury, and once 
and a half greater than to us on Earth. Whence 
the Sun's Diſc, ſeen from Venus; is more than 
twice greater than ſeen from hence by us, and 
alſo the Light, Heat, and accelerating Gravity 
towards the Sun, are encreas'd in the rs Pro- 
portion. 

Venus's Vear (namely, its Period about the 
Sun) is equal to ſeven and a half of our Months: 
But the Day in Venus i is almoſt an Hourleſs than 

our Day. 

Venus ſees fonr ſuperior Planets, whoſe Phz- 
nomena therefore are like thoſe of Mars, Jupiter 
and Saturn, ſeen from the Earth, or all of them 
ſeen from Mercury. But our Earth ſeen in Op- 
poſition with the Sun, and for the whole Night, 
ſince (by Prop. 9. B. I.) it ſhines with a full Orb, 
will appear very bright; and this Tight will be 
| en 
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encreas'd by that of our Moon, ſhining alſo ar 
that Time with a full Orb. 
pear always to accompany the Earth, as it real- 
ly does, and ſometimes will be above half a De- 
gree diſtant from the Earth, _ 

Venus has only one inferior Planet, namely, 
Mercury, which is never farther diſtant from 
the Sun than about 38 Degrees, and which will 
appear in the ſame Manner to Venus, as Venus 
and Mercury do to the Inhabitants of the Earth, 
concerning which, ſee Book I. Prop. 4, 5, and 6. 

An Obſerver in Venus will not want Means 
to compare the Diſtances of cœleſtial Bodies with 
his own Meaſures ; for he will compare the Dia- 
meter of his Venus, with the Meaſures which he 
commonly makes uſe of, as we do our Earth's 
Diameter with our Meaſures, by Scho. Prop. 17. 
B. II. and the Parallax of the Earth, in Oppoſition | 
to the Snn, is four Times greater than the Paral- 
lax of the Sun ſeen from the Earth, and there- 
fore not altogether inſenſible : Therefore he 
knows the Ratio of the Diameter of his Venus to 


the Diameter of the Earth, oppoſite to the Sun, 


and retrograde from Venus; that is, the Diffe- 
rence of the Diſtances. of Venus and tlie Barth 
from the Sun; but the Parallax of tlie other 
Planets (even when neareſt to Venus) is almoſt 
inſenſible. If the Obſerver in Venus knows that 
Venus moves about the Sun, he will from thence 
gather the Diſtances of the Flanets ft the 


| Eun, as the Inhabitants of the Earth dd? And 


from the Ratio between two Quantiles,” and 
their Difference being given, the" Quantities 
themſelves are alſo given, and * conſequently 
thoſe others having given Ratio's to one of the 
ſaid Quantities. But if he does not know that 


his Habitation moves, he will indeed (by the 


Rule 


The Moon will ap- 
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Rule given in Prop. 1.) ſettle, by Conjectures, 
the Order of the ſuperior Planets, but not their 
Piſtances, as has been faid in the foregoing 


Propoſition concerning Mercurial Aſtronomers. 


He will have the ſame Reaſon of doubting of 
the Order of Mercury and the Sun, as the An- 
cients (Inhabitants' of the Earth) had of doubt- 
ing of the Order of Mercury, Venus, and the 
Sun; ſome ſaying that Mercury is above the 
Sun, in reſpect of Venus, at reſt in the Center; 

others faying that it is below it; and, laſtly, 

others ſaying that Mercury moves abont the Sun 
as the Center of its Motion. But at laſt, it wil 
be out of Doubt that Mercury moves about the 
Sun, when the Sight can be ſo far help'd as to 
make its Phaſes viſible. For before that, one 
may (without contradicting the Fhenômena) 
err ſo much in the Eſtimate of the Diſtances of 
the Planets, that if an Epicycle be allow'd to 


Mercury, whoſe Diameter, ſeen from Venus, is 


equal to two Signs and a half, and its Center be 
plac'd in a Line joins the Sun and Venus, or 
produc'd beyond the Sun, the Deferent of the 
Epicycle may be plac'd beyond the Sun's Orbit, 
or any where ſhorr of it, ſo be that it exceeds 
the Limits of a Diuroal Parallax. W hich is 
plain from hence, that in the Syſtem of the Earth 


immoveable, (without Contradiction to the Phæ- 


nomena then known) the Deferents of the Epi- 


cycles of Mercury and Venus are plac'd far 


ſhorr of the Sun, by almoſt all the Aſtronomers 
who are the F ollowers of Ptolemy ; tho? now 
there is no Body but what may of himſelf diſ- 

cover that thoſe Planets go round the Sun. 
Having once determin'd the Diſtances of the 
Planetary Orbs, from the Sun, in the true Syſtem 
of Venus moving about the Sun, if another A- 
ſtronomer 
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ſtronomer will have Venus (his Habitation) to 
be in the Center ofthe World, and immoveable, 


he may ſuppoſe it two Ways, according to the 
Laws of Optics. Firſt, that Venus being in the 
Center, the Sun, together with all the Planets, 


and their Orbits, which they deſcribe about the 


Sun, will move the fame Way, in Right Lines, pa- 
rallel to each other; fueh an Obſerver in Venus 
will have the Tychonic Syſtem, namely, one ir 
which the Sun is carried in an Orbit equal, ſimi- 
lar, and contrary to that which Venus does really 
deſcribe about the Sun, and all the Planets with 
their Satellites (except that they are carried by 
the Sun about Venus) will perform the ſame 
Motions about the Sun which they do in the true 
Syſtem, the Primary Planets in Epieycles, and 
the Satellites in Epicyclo-Epicycles; and the 
Orbit of the Earth will interſect the Sun's Heaven, 
juſt as the Orbit of Mars in the Scheme of Tycho 
on Earth. But the Orbit of Jupiter does not in- 
terſect, but contain the Orbit of the Sun in ſuch a 
Syſtem on Mars. Secondly, an Aſtronomer may 


' rightly eſtabliſh a Syſtem of Venus immoveable 


in the Center, after he has promoted his Venus 
to the central Place, and at the ſame time made 

the Sun, and all the Planets, go in Right Lines 

parallel to each other as before, bur not the Or- 
bits of the Planets, which he keeps unchang'd, 
and the ſame which they deſcrib'd about the 

Sun (whilſt it remain'd in the Center) becaufe 
our Aſtronomer makes them move in ſuch Or- 
bit about himſelf; and he will, on his Venus, 
have the Prolemaicł Syſtem, in which the Sun is 
carried about Venus after the Manner explain'd 
in the Tychonic. Syſtem, and every. Planet is 
mov'd in an Epicycle equal, ſimilar, and con- 


trarily poſited to-the true Orhit of Venus about 
the 
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2 F 8 
Fi | 


the Sun ; but the Center of the Epicycle is car- 
ried in the ſame Orbit, and- after the ſame Man- 


ner, that the Planet itſelf was mov'd, before the 


Sun was thruſt out of the central Place to- put 
Venus there, and the Epicycle of the Earth de- 
ſcends into the Heaven of the Sun, after the ſame 
Manner that the Epicycle of Mars does in ſuch a 
Sort of a Syſtem upon the Earth, which alſo will 
be true in any other Planet beſides Mars. Thus 
wou'd the Pzoleraze Syſtem be made conſiſtent 
with itſelf, and the Motion of the Center of the 


Epicycle be taken away from the Sun, and the 


Motion of the Planet in the Epicycle be aſcrib'd 


to it, as well in the inferior, as in the ſuperior, 


Planets ; and univerſally this Syſtem wou'd a- 


gree with all the Phenomena, as well as the 


true one, or as the Tyr bonic one. Theſe two Sy- 
ſtems (namely the Prolemaic and the Tychonic) 
interchange the Deferents and the Epicycles : 
For the Tychonic makes the Deferent the fame, 
and equal for all the Planets, ſimilar, and contra- 


rily poſited to the Orbit of the Spectator's Pla- 


net about the Sun, but with different Epicycles, 
fimilar and fimilarly poſited to the true Orbits of 
tae reſpective Flanets about the Sun; for in this 
Syſtem the Sun has no Epicycle, as in the true 
one it has no Orbit, for in ſuch a Syſtem the E- 
picycle, and in our true one the Orbit is on- 
ly look'd upon as a Point, which Figures are ſi- 
milar and ſimilarly poſited. But the Prolemaic 
Syſtem gives all the Planets Epicycles equal to 
the Orbit of the foreſaid Spectator's Planet about 
the Sun, ſimilar and contrarily poſited to it, but 
different Deferents, namely, the ſame as their 
reſpective Planets Orbits about the Sun in the 
true Syſtem. But becauſe the Syſtem aſſerted 
by the Prolemaics is not made out of the true Sy- 
| ſtem, 
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ſtem, but built by Degrees on the Phænomena 
without the Help of the true one ; therefore in 
it the Proportions of the Deferent Orbs (as the 
Followers of it make their Syſtem) is unknown, 
and only the Ratio between the Deferent and 
Epicycle of each Planet is ſettled from its Mo- 
tions; whence it happens that in Saturn, Jupi- 
ter and Mars, the Semidiameter of the Deferent 
(from Prolemy's own Numbers) is to the Semidi- 
ameter of the Epicycle, as the Diſtance of a Pla- 
net from the Sun to the Diſtance of the Earth 


from it. But as in the Tychonic Syſtem all Pla- 


nets have the ſame Deferent, if from the Motion 
of any one be found the true Ratio between its 
Epicycle and Deferent, there will be found (ex 
quo) the Ratio between the Epicycles of them 
all, that is, between the Orbits of all the Pla- 
nets; and nothing elſe is done by the true Sy- 
ſtem. The juſt Syſtem of Prolemy (that is, the 
Ptolemaic Syſtem, built on the foregoing Princi- 
ples) ſuppoſes the Epicycles of the inferior Pla- 
nets equal to the Sun's Orbit : But as it appear'd 
monſtrous to make an Epicycle greater than its 
Deferent, therefore the Prolemaics chang'd the 
Deferent of each of the inferior Planets into an 
Epicycle, but yet in ſuch Manner that both 
(which they cou'd not hinder) the Deferent and- 
the Epicycle ſhou'd retain their Nature; name- 
ly, that the Motion of the Epicycle in the De- 
ferent ſhou'd be join'd to the Sun, and the Pla- 
net's Motion in the Epicycle ſhou'd be off from 
the Sun. By this Change they left their genu- 
ine above-deſcrib'd Syſtem, and, as it were, fell 
into the Tychonic ; and the Ptolemaic Syſtem of 


the inferior Planets differs from the Tychonic on- 
1y in this, that, without knowing the true Se- 
midiameter of the Deferent, it lays down only 
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Boo 


'F the true Ratio between the Semidiameter of the asits 
| Deferent and the Semidiameter of the Epicy- Venu 
9 cle; and That according to Prolemy is the ſame Fig 
6 ; with the Ratio of the Ditance of the Earth from lite © 

= the-Sun to the Diſtance of the ſajd inferior Pla- rent! 

8 net in the true Syſtem. And the foreſaid two fi ſo po 
q Syſtems are made by retaining the Planetary the Si 

= Orbit of the true Syſtem ; bur if you change them cou'd 

1 you may make an infinite Number of Syſtems, alſo t 
each of which will agree with the Phænomena, its diu 

8 nay, find the Place of every Planet to be the ferenc 
4 fame in reſpect of the Earth (that is, a right perha 
ö Line being drawn the ſame in Magnitude and Globe 

Poſition) as that in the true Syſtem; and none ry dei 
of theſe Syſtems wou'd be found to be falſe Sun's 
without the Help of Natural Philoſophy. ing to 
We have more than a bare Suſpicion to incline tho' t 
us to believe that Venus has a Satellite, from ſphere 
the Obſervations of that curious Aſtronomer wou'd 
Mr. Caſſini, made by Chance in the two Years ceivin 
1672 and 1686; in the laſt of which, on the wou' d 
28th Day of Auguſt, at a Quarter after Four in the enligh 
Morning, through a 34 Foot Teleſcope, he, for Venus 
a Quarter of an Hour, ſaw as it were a Satellite like 01 
of Venus diſtant from Venus about; of the Dia- Quant 
meter of Venus, of the ſame Phaſis as Venus, Heat, 
(as it ought to be, ſince their ſituation in reſpect 
of the Sun enlightening, and the Earth ſeeing, 
was the fame) but of no regular Figure, and 2 
of a Diameter which Was about a fourth Part of M 
Venus's Diameter. That Mr. Caſſini did not ſee The 
that Satellite at any other Time, tho' he much leſs fro 
endeavour'd it, might be owing to this, that the ore it 
Surface of that Satellite is leſs apt to reflect the Regior 
Sun's Light, as we find the ſame Thing true in Bur thi 
reſpe& of the Spots of our Moon. For if our rg 
O nc 


whole Moon ſhou'd as weakly reflect the Light 
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as its darkeſt Spots do, it wou'd ſcarce be viſible at 
Venus, and appear of an irregularly terminated 
Figure: Vet we muſt confeſs, that ſuch a Satel- 
lite of Venus (if it has one) is of a very diffe- 
rent Nature from its Primary Planet, which does 
ſo powerfully and ſtrongly reflect the Light of 
the Sun, that Hugens with a Teleſcope of 60 Foot 
cou'd fee nothing like a Spot in it; which is 
alſo the Reaſon, why the Poſition of the Axis of 
its diurnal Rotation is not defin'd. But this Dif- 
ference between Venus and its Satellite does 
perhaps ariſe from hence, that it is not the ſolid 
Globe of Venus, but an Atmoſphere about it ve- 
ry denſe and full of Vapours which reflects the 
Sun's Light to us, ſuch an one as which is want- 
ing to its Satellite; as it happens in our Moon, 
tho the Earth is encompaſs d with an Atmo- 
ſphere denſe enough and full of Clouds, which 
wou'd hinder an Obſerver in Venus from per- 
ceiving the Diſtinction of Seas and Land, but he 
wou'd ſee its Surface almoſt ſmooth and equally 
enlighten'd, ſuch as Venus appears to us. If 
Venus has its Moon, it is almoſt in all Reſpects 
like our Earth, from which it differs leſs in the 
Quantity of its Day and Night, and Degree of 


| Heat, than any other Planet. 


Px O0POSI TION IV. 


T2 deſcribe the Phenomena to an Eye poſited in 


Mars. 
The Sun's Diameter appears one and a Half 
leſs from Mars than from the Earth, and there- 
fore it gives twice leſs Light and Heat in the 
Region of Mars that it does to us on Earth. 
But theſe Things, by reaſon of the great Excen- 
tricity of the Orbit of Mars, are ſenſibly chang'd, 


Aaaa 2 Mars's 
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Mars's Year is almoſt equal to two of our 
Years ;-but the natural Day but a little greater 
than ours: And the artificial Day, during which 
"the Sun ſhines above the Horizon, (except the 
Twilight before the Sun's Riſing, and that af- 
er its Setting, according to the Height of the 
conſtant Atmoſphere) is almoſt always and e- 
_ where equal to the Night, and therefore 
ery little Difference of Summer and Winter 
is there felt; and that becauſe the Axis of 
 Mars's diurnal Revolution is almoſt perpendi- 
cular to the Plane of its Orbit. In the mean 
time the Places, at different Diſtances from the 
middle Circle between the Poles, have very 
different Degrees of Heat, upon account of the 
different Inclination of the Sun's Raysto-the Ho- 
rizon, as it is on the Earth at the Time of the A- 
quinox : And from henee I ſuſpect that the Fa 
ciæ or Belts ariſe, which run parallel in the Circle 
that is in the Middle between the Poles. For 
ſince the ſame Degree of Heat always continues 
in the ſame Climate, it is likely that the Spots 
in Mars (like the Clouds and Snow on Earth) 
owing their Riſe to Heat and Cold, are extend- 
ed according to the Climate, and make Faſciz 
parallel to the Circles of Mars's diurnal Rotati- 
on; which is alſo true of Jupiter, who like 
Mars has a perperual Zquinox. 

The Obſerver in Mars ſees two ſuperior Pla- 
nets, v7z. Jupiter and Saturn, and two inferior 
Planets, namely, the Earth and Venus; whoſe 
Phenomena are like the above-deſcribed Fhe- 
nomena of the ſuperior and inferior Planets. 
He will never ſee Mercury, (as never being a- 
bove half a Sign from the Sun) unleſs by Chance 
like a Spot in the Sun as it goes over his Diſc; 
at leaſt if Mars has an Atmoſphere about it s 
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large and as denſe as that of our Earth, as it 
ſeems likely by the Obſervation of the Fix'd Stars 
which-grow duller, and ſeem almoſt extinguiſh- 
cd, before they appear to touch Mars's Globe. 
He will ſee Venus as far diſtant from the Sun as 
Mercury appears to us, and the Earth as far as 
we ſee Venus: And as the Earth, ſeen from 
Mars, appears near, and almoſt in Conjunction 
with the Sun, he will ſee the ſame Thing at the 
Earth, as the ingenious Mr: Caſſini ſaw once or 
twice at Venus ; namely, the lower Part falca- 
ted or horned, and its Satellite by ir of the ſame 
Phaſis, which at moſt will not appear above a 
third Part of a Degree from it. 7 

An Aſtronomer in Mars is almoſt deſtitute of 
Means to compare the cœleſtial Bodies with his 
Mars, and their Diſtances with known Mea- 


| ſures; by reaſon of the Diſtance of the neareſt 


Planets, vi. Jupiter and the Earth. For when 
the Earth is neareſt to it, and the loweſt of all 


the ccœleſtial Bodies, its Parallax will not be ſen- 


ſible, not amounting to above 12 Seconds, much 
the ſame as the Sun's Parallax with us. But if 
he is ſenſible of the Motion of his Mars, about 
the Sun, he may compare the Diſtances of the 


cœleſtial Bodies, one with another: H he is not 


ſenſible of it, he can't even know that; as has 
been amply ſhewn in the two foregoing Propo- 
ſitions. | 


PROPOSITION V. 


TO deſcribe the celeſtial Phanomena, as they 
appear to an Eye in Fupiter. | | 
The Diameter of the Sun, ſeen from Jupiter, 
will appear a little more than five Times leſs than 
it does, when ſeen from the Earth ; and there- 


fore its Light and Heat will be twenty ſeven 
Aaaa 3 Times 
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Times leſs in Jupiter than with us. Jupiter's 
Year is almoſt equal to twelve of our Years: 
But on the other Hand, the natural-Day will be 
leſs that ours, ſcarce ariſing to ten of our Hours: 
(And the Motion of Jupiter, about its Axis, is 
perform'd in the leaſt Period of all the diur- 
nal Rotations which the Aſtronomers have hi- 
therto obſerv'd in any of the cœleſtial Bodies) 
Whence, ond. na the Year conſiſts of above 
ten thouſand Days, Jupiter's Day is divided 
into an artificial Day and Night, almoſt e- 
. qually over the whole Surface of Jupiter; be- 
cauſe the Axis, about which Jupiter revolves, 
is almoſt perpendicular to the Plane of the 
Orbit, which he deſcribes about the Sun; 
whence the ſame 'Things will obtain as in Mars, 
concerning which we ſpoke in the foregoing 
Propoſition. | 
Tho' there are four Primary Planets below 
Jupiter, the Eye in Jupiter will ſee none of 
them, if we ſuppoſe, it not more ſharp-ſighted 
than we, and believe that it has ſuch an Atmo- 
ſphere as the Earth: For Mars himſelf, who 
goes fartheſt of all from the Sun, will not be a- 
bove 18 Degrees diſtant from it; but as Mars is 
both ſmall, and weakly reflects the Sun's Light, 
it will ſcarce be ſeen at that Diſtance from the 
Sun. It is true indeed, that the Sun's Light, at 
Jupiter, is not ſo bright as at the Earth, and 
therefore, that the neighbouring Stars are not 
fo much darken'd by it; but alſo the Light of 
Mars, the Earth and Venus, is diminiſh'd in the 
ſame Ratio, by reaſon of the encreas'd Diſtance 
of the Eye: Whence, at the ſame Diſtance from 
the Sun, when ſeen from Jupiter, they are like- 
wiſe extinguiſh'd by the Light of the Sun. But 
the Planets below Jupiter may be ſeen like Spots 
| upon 
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upon the Sun's Diſc; but that will only happen 


by Chance: For an Aſtronomer in Jupiter being 
not more certain of their Exiſtence, than we are 
of the Exiſtence of Planets below Mercury, will 


not reckon upon their Motions, ſo as expect to 


ſee them at a due Time; an Eye therefore in Ju- 
piter will ſee only Saturn, and that above it. 
But then ſuch a Spectator, in a Circle in the 
Middle, between the Poles of its firſt Motion, 
will ſee his four Satellites plac'd near him, and 
ſtrongly reflect ing the Sun's Liglit, unleſs ſo much 
as they appear by the Sun's Parallax to decline 
towards one Pole or the other, when the Eye is 
plac'd towards either Pole; ſothat the Number of 
the Planets will appear to be Six, to an Obſerver 
in Jupiter. For there is no Doubt but that look- 
ing upon his Habitation, the Globe of Jupiter, 
as unmov'd (which by reaſon of its immenſe 
Bigneſs, that he eaſily finds his Globe to have 
above the Planets near him, he may much more 
reaſonably do, than the Inhabitants of the Earth 
concerning the Earth) he will reckon his four 
Attendants as Planets, to which Number he will 
add the Sun and Saturn, juſt as we reckon our 
Moon among the other Six: And indeed he will 
not err much in their Order , if he looks upon 
that as moſt remote, whoſe Period about Jupi- 
ter takes up the longeſt Time. 
Moreover, he will eaſily compare the Diſtances 
of the four inferior Planets with his own Meafures; 
namely, with the Diameter of Jupiter, as we do 
ours with the Diameter of the Earth; and it 
will be eaſter for him to compare the Diſtance of _ 
the four neareſt Planets with the Diameter of Ju- 
piter, than it is for us to compare the Diſtance of 
the Moon with the Diameter of the Earth: For 
the horizontal Parallax of the remoreft of them, 
| A'S &#& q* > 1 
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ſeen from Jupiter, is above twice greater-than 
the horizontal Parallax of the Moon, ſeen from 
the Earth, and therefore very ſenſible. And tho 
the Globe of Jupiter be of an immenſe Bigneſs, 
in reſpect of our Earth, the Parallax of the Sun, 
ſeen from Jupiter, will be ſcarce ſenſible, as not 
ariſing to 20 Seconds; neither will the Parallax 
of Saturn (even when oppoſite to the Sun, and 
neareſt to Jupiter) be much greater : It will 
therefore be difficult for the Jovial Aſtronomer, 
to compare the Diſtances of the Sun and Saturn 
with his own Meaſures. If he knows the Moti- 
on of his Jupiter about the Sun, he will eaſily 
find the Ratio between the Diſtances of Jupiter 
and Saturn from the Sun, otherwiſe not ; as it 
has been explain'd in the 3d Prop. | 
Therefore the Jovial Obſerver, relying upon 
his Senſes, will diſtinguiſh two Sorts of Planets; 
viz. four near him, and two very remote, that 
is, the Sun and Saturn of a ſmall, and the o- 


ther four of a much greater apparent Diameter. 


For, of the remoteſt, the Sun appears about 6 
broad, but Saturn, even when neareſt, has ſcarce 
a Diameter of half a Minute. Of the others, 
the fourth from Jupiter will appear to be of a- 
bout the ſame Bigneſs, as the Moon appears to 
the Inhabitants of the Earth, that is, of a Dia- 


meter five Times as big, and Diſc five and twenty 


Times as big as the Sun, to an Inhabitant of 
Jupiter; and if the remaining Satellites are not 
much leſs than the outermoſt, they will yet ap- 
pear bigger, eſpecially if they are not leſs than 
our Earth, as that accurate Coſmographer, Mr. 
Hugens, affirms, that they are not. Beſides, the 
four neareſt and apparently greateſt, will be di- 
ſtinguiſh'd from the leſſer and more remote, be- 
cauſe in the neareſt Planets, the Squares of the 
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Periodical Times are, as the Cube of their Di- 
ſtances from the Center of Jupiter; but this will 
by no means hold, if you compare any of the 
great ones with any of the little ones. Altho? 
thoſe, that are neareſt, appear to be biggeſt, the 
Sun will appear vaſtly brighter than them ; nay, 
from thejr Phaſes, which depend upon their 
Aſpects to the Sun, they will appear as ſo many 
Moons. Whence the Spectator in Jupiter will 
have fo 5 Sorts of Months denominated from the 
four Moons: There will be more than 2407 of 
the leaſt Months i in a Year; of the Months im- 
mediately greater, the N umber will be about as 
little again ; of the third in Order, the Num- 
ber will be about ſubduple in a Jovial Vear, 
or about ſubquadruple of the leaſt ; but of the 
greateſt Months there are about 2 54 in a Year: 
And therefore tho the Notation of the Time be 
ſomething more intricate on Jupiter, becauſe 
the Year contains a great N umber of Days, yet 
by thoſe four Kinds of Months it beconies ready 
enough : For in the leaſt Month there will be 
only four Days and a Quarter; but in the great- 
eſt ſomething more than forty Days. : 
Beſides, theſe Moons, when they are in Op- 
poſition with the Sun in reſpe& of Jupiter, 
running into Jupiter's Shadow, are eclips d, and 
again, when they are in Conjunction with the 
Sun, as they throw their Shadows on Jupiter, 
they will make the Appearance of an Eclipſe of 
the Sun to an Eye poſited on that Part of Jupi- 
ter where the Shadow falls (which is a ſmall Part 
enough of Jupiter) as our Moon does. Bur be- 
cauſe the Orbits of thoſe Moons about Jupiter 
are in a Flane (all of them indeed nearly in the 
ſame Plane, except that the ſecond from Jupiter 
does a little deflect from it) inclin'd tothe Plane of 
Jupiter's 
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Jupiter's Way about the Sun, the Eclipſes of theſe 
Moons are central and very laſting, when the 
Sun is in either Node of the Moons. But when 
the Sun is not in it, the Eclipſes may alſo be 
total, tho? not central; becauſe the Shadow of 

upiter is almoſt ten times broader than any of 
the Satellites, and the apparent Diameter of 
each Moon is five times greater than the Sun's 
apparent Diameter. And this great Inequality 
of the Diameters, and the ſmall Inclination of 
the Plane of the Orbit of the Satellites, to the 


Plane of the Orbit of Jupiter about the Sun, is 


the Cauſe why the Eclipſes, as well of the Moons 
as of the Sun, happen at every Revolution, 
tho' the Sun is very far diſtant from the Nodes. 
And, indeed, the loweſt of them (tho' at the ſame 
time the Sun, ſeen from Jupiter, is moſt of all 
diſtant from the Nodes) will nevertheleſs fall in- 
to Jupiter's Shadow, and alſo, on the other 


Hand, their Shadows will fall on Jupiter ; bur, 


in that Caſe, the moſt remote Satellite, for the 
ſixth Part of a Jovial Year, will miſs the Sha- 
dow, when it is in Oppoſition with the Sun, and 
Jupiter alſo will not be any where darken'd by 
its Shadow, when in Conjunction with the Sun: 
But an Eye, plac'd in Jupiter, will, in intermedi- 
ate Times and Places, ſee the Phænomena of 
partial Eclipſes. Moreover, an Eclipſe of the 


Moon is made here by a Moon, whoſe Phaſis is 


ſometimes quite different, nay, contrary to the 
before deſcrib'd Eclipſe of a Moon running into 
Jupiter's Shadow : For in this the Eaſtern Limb 
of the Moon is firſt eclips'd, and the Weſtern 
one does laſt emerge out of the Shadow ; but, 
in ſome of them, firſt the whole Weſtern Limb 


is eclips'd, and the Eaſtern one does laſt of all 


recover his Light, in others juſt the Pn; 
| | Tho 
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Tho' the Shadow of Jupiter is far extended be- 


yond its Satellites, it does not reach ſo far ag 


any other Planet, which alſo is true of all the 
other Primary Planets. For Saturn alone, even 
tho' it were infinite, cou'd be immers'd in it; 
but the Shadow of Jupiter cannot be extended 
ſo far as Saturn, unleſs Jupiter Diameter 
ſhou'd be nearly half the Sun's Diameter; and 
it is ſcarce the ninth Part of it. 

If Jupiter's Surface has a 22 Part cover d 
with a Fluid, and we ſuppoſe that N avigation 
cou'd be practis d on thoſe Seas; it wou'd be 
very convenient, as well by Reaſon of the very 
ſhort Nights, (and thoſe upon Account of the 
Number of the Moons, ſcarce without a Moon, 


and for the moſt Part enlightened by ſeveral of 


them, and thoſe very bright,) as becauſe by the 
Help of the Moons the Courſe may be directed: 
But alſo from ſo many Eclipſes the Longitude of 


a a Place will be eaſily defin'd, and accurate Hy- 


drographical Tables may be conſtructed; which 
is very convenient in ſo vaſt a Globe, whoſe Sur- 
face being an hundred times (nays according to 
Hugens, four hundred times) bigger than the Sur- 
face of the Earth, wou'd render its Meaſure very 
laborious. But the reciprocal Tide ariſing from 
the four Moons (for the Sun's Forces are of no 
ſenſible Effect for raiſing a Tide at this vaſt 
Diſtance) is various and uncertain, except to 
one who is us'd to Calculations. 


PrOPOSLITION VL 


Tx Jhew the chief Cxleſtial Phenomena, which 

woru'd appear to an Obſerver plac d in Saturn. 

The Diameter of the Sun, ſeen from Saturn, 

is almoſt ten times leſs than the Earth, and his 

Diſc, Light, and Heat at leaſt ninety times lf 
there 
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there than here. Saturn's Year is almoſt equal 
to thirty of our Years : But it is uncertain what 
Proportion a Day in Saturn bears to. our Day ; 
for, the Period of Saturn's Revolution, about 


his Axis, is not yet known. Hugens, indeed, 


from the Diſtance and Period of his inmoſt Sa. 
tellite, and a Compariſon of them with the Di- 


ſtance and Period of the inmoſt of the Jovial 


Satellites, thinks it very likely, that the Days are 
not longer there than in Jupiter. He is of thar 
Opinion, becauſe he looks upon it as an un- 
doubted 'Truth, that the Rotation of the Sun, 
and of a Primary Planet, about its Axis, is the 
Cauſe of the Rotation of the Primary and Se- 
condary Planets, (that, indeed, it is made to- 


wards the ſame Parts, is certain) or, at leaſt, that 


the Rotation of a central Body, and the Planets 
about it, depend upon the fame Cauſe ; there- 
fore, converſly, having obſerved the Satellites 
rotated about Saturn, he did not at all doubt, 
but that Saturn revolv'd about its Axis, and near- 
ly in the ſame Time as Jupiter, becauſe the Pe- 
riods of the Satellites differ but very little. Bur, 
if we conſider, that the Cauſe of the Rotation of 
the Primary Planets about the Sun, or of the Sa- 
tellites about a Primary Planet, is not any Vor- 
tex, or any thing like it (on which Opinion the 
foreſaid Argument is grounded) but that the 
Planets are carried by a Motion, compounded 
of a projectile Motion along a Right Line, and 
of Gravity towards a central Body (about which 
they are moved in a free Space, and almoſt void 
of Matter, and the Saturnian Satellites gravitate 
after the ſame Manner towards Saturn, whether 


it revolves, or is at Reſt ; it is plain, that from 


the Revolution of the Satellites, one cannot right- 
ly deduce the Rotation of Saturn abaut its Axis, 
much 
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much leſs the Period of that Rotation. It is 
true indeed, that it is probable, that Saturn re- 


volves about his Axis, namely, that it may ſome- 
times turn one, and ſometimes another, Part 


of its Surface to the Sun, which is the Foun- 
tain of Light and Heat in his Syſtem: But it 
ſeems impoſſible to gather from hence the Pe- 
riod of the Rotation, theſe Things being, by 
the Allwiſe and Almighty Creator, fitted to the 
Nature of the Things contained in Saturn, which 
is altogether unknown to us. If the Axis of 
Saturn be perpendicular to the Plane of Saturn's 
Ring, and of the Orbit of the Satellites (as Hu- 
gens will have it) then the Situation of the Poles, 
and of the Zquator, is the ſame in Saturn, as it 
is in the Earth; therefore the ſame Polar Star 
will ſhine upon it, and the Conſtellations, in ſi- 
milar Latitudes, riſe and fall after the ſame Man- 
ner. And theſe Things are thus, if the Situation 
of the Ring be the ame as Hugens has laid it 
down in the Sytem of Saturn, which alſo we 
have ſuppos'd in the Fourth Book, when we 
ſpoke of its Phænomena: But, if it be, by more 
accurate Obſervations, found to be different (as 
he hints in his 'Theory of the World ) any 
one may gather the Meaſures of the foreſaid 
Phenomena, from what has been laid down be- 
fore. 'The Days at Saturn are very unequal, 
and the Differences of the Summer and Winter 
are very great, for they depend upon the Quan- 
tity of the Inclination of the Plane of his .- 
quator, to the Plane of the Orbit of Saturn 
about the Sun, which Hugens afterwards ſup- 
poſed 31 Degrees, almoſt a third Part greater 
than in the Earth, where thoſe Differences are 
very ſenſible. At Saturn, in the Latitude of 59 
Degrees, the longeſt Day has no Night, _ 
g , Ther 
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ther has the longeſt Night and Day. And 
the two frigid Zones extended about the Poles 
(each of which is 62 Degrees broad) are ten times 
greater han the whole Surface of our Earth. 
Of all the Primary Planets, the Eye, poſited in 
Saturn, will be able to ſee only Jupiter, always 
accompanying the Sun, and never above 37 De- 
grees diſtant from it. Reckoning thoſe two a- 
mongſt his own five Companions, or Moons, a 
Number of ſeven Planets is made up to an Ob- 
ſerver in Saturn, which he diſtinguiſhes into five 
Moons, and two other Planets, (as wou'd be done 
in Jupiter by the foregoing Prop.) as well for the 
ſame Reaſons as alſo upon this Account, that 
the five neareſt are mov'd in the ſame Plane, in- 
clin'd to the Plane of the Sun's apparent Way 
about Saturn, in an Angle of 31 Degrees; ſo 


that the Zodiac to Saturn is more than the third . 


Part of Heaven in Breadth, if the Deviation of 
all the Flanets from the Sun's Way be compre- 
hended in it. 'The Phaſes of theſe Moons are 
ſimilar to thoſe of the Jovial Moons ; except it 
be, that in Summer and Winter, when the Sun 
declines very much to the Æquator, each Moon, 
oppos'd to the Sun, does not ſhine with a full 
Orb, neither is it quite dark when in Conjuncti- 
on with the Sun. For, in the Middle of Sum- 
mer, or of Winter, a Moon, in Conjunction with 
the Sun, is as far diſtant from it, as our Moon is 
two Days, or more, before or after the New 
Moon, and, in Oppoſition of the Sun, it is as 
far from that direct Oppoſition which makes a 
full Orb, as our Moon is two Days before or af- 
ter the Full : 'Thoſe Moons therefore will then 
have the ſame Phaſes, as our Moon has two Days 
before or after the Syzygy. Whence, at thoſe 
Seaſons of the Year of Saturn, there will be no 

Eclipſes 
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Eclipſes of the Luminaries. But at the Equi- 
noctial Times, Saturn will never be without 
Eclipſes, and thoſe of all the Kinds mention'd 
in the foregoing Propoſitions. 1 
Since the Vear in Saturn is longer than that 
in Jupiter, there are alſo ſeveral Sorts of Months 
to diſtinguiſh it into Parts. Of the leaſt, there 
are above 5700 in a Year, of thoſe immediately 
greater 3932, of the third Months above 2352, 
more than 674 of the fourth, and 135 of the 
greateſt. | I 
An Inhabirant of Saturn will eaſily compare 
the Diſtances of his Moons with his own Mea- 
ſures ; becauſe the Parallax of the fifth and laſt 
Moon is greater than the Parallax of our Moon. 
But the Sun's Parallax does not exceed nine Se- 
conds ; therefore it is inſenſible, in Compariſon 
with the Sun's Parallax ſeen from the Earth., 
The Ring which encompaſſes Saturn, of which 
we ſpoke in the fourth Book, is a wonderful Phe- 
nomenon to an Eye in Saturn; for it is the only 
Thing of that Kind which is ſeen from far, and 
which has long fince excited the Curioſity of all 
| Philoſophers. This Ring gave Occaſion to the 
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all learned and ingenious Dr. Haley, when he en- 
ti- quir'd into the Cauſes of the Variation of the 
m- Jotlining magnetic Needle, to ſuppoſe the 
ch Clobe of the Earth to be divided into Cruſts 
18 and concentrical Nucleus's (See Philoſophical 
W  Tranſattions, N*.195.) after Kepler, who did the 
as fame in the 4th Book, Pag. 586. of his Epit. to the 
1 Copernican Aſtronomy, when, from the magnetic 
f- Direction, he inveſtigated the Cauſes of the 
* Inequalities of the Planets. What if this Ring 
i ſhou'd be the remaining Part of an outward 
8 Cruſt, fallen on the Nucleus within it, and the 
0 Ruins of it ſtill to be ſeen? For, if Saturn was 


- ever 
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ever of the ſame Diameter, as now his Ring is; 
it was of the ſame Magnitude, when ſeen from 
the Sun, as now Jupiter's apparent Diameter, 
ſeen from it. ))%%%ͤ ]]³ͤ“wQ m ones cds 
Since the outward Edge of Saturn's Ring 
ſtands above Saturn, at an Height which is four 
Times and a Half the Semidiameter of Saturn, it 
will not be viſible at a Diſtance from Saturn's 
Equator (in whoſe Plane it is) greater than 64 
Degrees: Therefore a Spectator, having a great- 
er Latitude, will never ſee the Ring; and there 
is a Zone about each Pole, about 53 Degrees 
broad, altogether depriv'd of the Sight of the 
Ring. And, as the Eye goes nearer to Saturn's 
Pole, the firſt Satellite is hid, then the ſecond, 
and ſo on, till the Eye, at laſt, being within one 
Degree of the Pole, loſes Sight of the fifth alſo, 
unleſs it be by Refraction; neither will it, in 
Winter; ſee the Sun, any Moon, or any Planet, 
or any cœleſtial Body known to the Inhabitants 
of the Earth except the Fix'd Stars, and per- 
haps ſome Comet. | Ft, 
The Eye in the very Æquator of Saturn, or a 


Zone near it, will ſee no Stars in the Zquator, 


-or very near it; and therefore will never ſee a- 
ny of the Moons, the Ring being in the Way : 
Therefore, at the Time of the AÆquinox, one 
that lives under the Æquator will not ſee the 
Sun; and one, that lives in another Place, will 


not ſee the Ring; becauſe, in that Caſe, no 


Face of the Ring is ſhin'd upon. How broad 
that Zone is, is a difficult I hing to determine, 
by Obſervations made from the Earth, becaufe 
the Thickneſs of the Ring is ſmall; Hugens 
. ſuppoſes it to be 600 German Miles. It will be 


eaſy to determine it accurately from the Sur- 
face of Saturn, becauſe it is rais'd a little more 
72 than 
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than a Semidiameter above it. If the Eye be ſup- 
pos'd plac'd out of the Æquator, the Space of the 
Heaven, which contains Stars cover d by the 
Ring will, be of a different, Magnitude and Fi- 
gure, according to the different Situation of the 
3 Fo e watia 
| ; uring half a Saturnian Year, one Face of 
the Ring is enlighten'd by the Sun ; whence it 
happens that thoſe who inhabit the Hemiſphere 
towards which it is turn'd, that is, who have 
Summer, ſee that Part of the Ring which is a- 
bove the Horizon, ſhining, with a faint Light 
by Day (much ſuch as we ſee the Moon ſhine 
with,when the Sun alſo ſhines at the ſame Time) 
if Saturn has an Atmoſphere, and that poſited 
E Part where the Pole is depreſs'd ; 
ut its Light is ſtronger by Night, as allo that 


of our Moon in the: Sun's Abſence : And from 


the Spots may be found whether it is at reſt, or 
moves, and if it moves, the Velocity of its Mo- 
tion. After the Sun is ſer, the Eaſtern Part of 
this lucid Arch has a Shadow (namely, the Sha- 
dow of Saturn) caſt upon it, which, as the 
Night comes on, riſes by Degrees, till in the Mid- 
dle of the Night it is got to its upper Part or 
Vertex, from whence it moves by Degrees to- 
wards the Weſtern Part, as the Sun tends to its 
Riſing. This Arch will always ſhew the Meri- 
dian Line, for a Plane rais'd upon the Horizon, 
going thro? the Vertex of the Arch, is in the 
Meridian. If the Diſtance of the Eye from 
the Xquator be leſs than 52 Degrees, it will ſee 
the Arch of the Ring as much concave as, con- 
vex, like an Arch in a Building, riſing on each 
Side from the Horizon ; below which, namely, 
between the lucid Arch and the Horizon, he 
will ſee the Heaven and the Stars. But if the 

Bbbb Eye 
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Eye is farther diſtant than 52 Degrees, but leſs 
than 64, it will not at all ſee the concave Part, 
but a lucid Body riſing as it were from the 
Ground, and contiguous to the Horiſon, like 
the Morning Twilight. of 
During the other half of Saturn's Year, 


namely, when the Sun declines from the Æqua- 


tor towards the inviſible Pole, that is, in Win- 
ter Time, the Eye will not at all ſee the Ring, 


becauſe it is not enlighten'd on that Side which 


is towards the Eye; but the Ring will cover 
from the Eye Patt of Heaven, and the cœleſtial 
Bodies contained in it, as has been ſaid before, 
and fo by this Means it will become ſenſible. 
But the Shadow of the Ring becomes more and 
more extended towards the Pole, ſo that the 
Eye being plac'd any where within the foreſaid 
Space, the Sun, when it has attain'd a certain 
| Declination, will appear to be cover'd and e- 
.clips'd at Noon, and then immediately a- 
gain it will become viſible. The next Day the 
arne Thing happens again, but the Eclipſe be- 
ins ſooner and ends later; and this Darkneſs 
in the Middle of the Day will daily encreaſe in 
Duration, (or perhaps come to laſt a whole 
Day) till the Middle of Winter, from which 
Time they will again begin to decreaſe, till at laſt 
they are quite gone (or do not happen at all in 
the Day Time) when the Suns, eturning from 
the Tropickis come back to the ſame Degree of 
Declination, which it was in, when' the fore- 
mention'd Darkneſs began to appear. And this 
will be ſo, if the Eye be in a greater Latitude 
than 25 or 26 Degrees: But if the Spectator is 
in a leſſer Latitude, when the Meridian Dark- 
neſs is the moſt laſting, the Sun will ſuddenly 
appear juſt at Noon, and then cs” 
11 
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diſappear. again, and the next Day there will 
again be ſuch än Appearance of Light, but 
ſomething more laſting ; and ſo on, the Meri- 
dian Light becoming daily more and more laſt- 
ing till the Middle of the Winter: And then a- 
gain by Degrees it will become of leſs and leſs 
Continuance, till it wholly vaniſhes, when the 
Sun is return'd from the Winter Tropic to a De- 
clination, equal to that at which the Mid-Day- 
Light began firſt to appear; at which Time, on 
a ſudden, the longeſt Meridian Darkneſs will 


again begin, and laſt a ſhorter and ſhorter HM 
n 


as the Sun comes towards the Æquator. A 

hence it follows, that there is a much greater 
Difference between Summer and Winter on Sa- 
turn's Globe than on the Earth, as well upon 
account of the Duration of each, and the Sun's 
great Declination from the Æquator, as upon 
account of the Meridian Darkneſs in bart 
reaſon of the Interpoſition of the Ring which 


hides the Sun. 


| PROPOSITION A 
O deſcribe the Phanomena,when the Eye is ſup- 
pos'd in one of the Comets. 


Wee refer the Comets to the Primary Planets, 
becauſe it is in the Excentricity of their Orbits 
that they chiefly differ from them. An Eye, 


plac'd in a Comet, will find itſelf encompals'd 


with a very great and denſe Atmoſphere, which 
encreaſes in its Deſcent from the Aphelion, e- 

ſpecially when it is immers'd in the Region of 
the leſſer Planets. 'This Atmoſphere is ſo trou- 


| bled and thick that, towards its Bottom, it is al- 


moſt like a Chaos. It is not known whether a 
Comet revolves about itſelf, but it is probable 
that, like all the other great Bodies of the 

B b b b 2 World, 
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World, it turns all its Faces towards the Sun, that 
a plentiful Vapour may be rais'd from it. But 
whether this Rotation is about a given Axis, is dif- 
ficult to determine. If the Nucleus be turn'd a- 
bout, the whole Atmoſphere (eſpecially that 
Part of it which is extended towards the Regi- 
ons oppoſite to the Sun) does not revolve along 
with it, as the Atmoſphere of the Earth does : 
But that Vapout, which, going out of the Co- 
met, makes the Tail, is not ſo much to be look'd 
upon, as the Atmoſphere of the Comet join'd 
with it (as the denſer Atmoſphefe of the Earth 
is join'd with it) and making Part of it; as a 
ſeparate Body, all the Parts of which perform 
their Motions in a free Space, like the Comet 
itſelf. 1 „„ 
As the Way of every Comet about the Sun 
is a very excentrical Ellipſe, it is not likely that 
they are made to ſerve the fame Purpoſes in the 
Univerſe as Planets, which are carried in Orbits 
nearly concentric to the Sun, and which feer 
defign'd for the Production of Things which are 
almoſt always to remain in the = State ; 
which Comets are by no Means fit for, by rea- 
{on of the very different Degrees of that which 
they ſuſtain. If therefore we may give Way to 
Conjecture, it is to be believ'd that the Comets 
ſerve for the renewing of the Fluid of the Sun 
and Planets. For fince the Sun continually 
lofes a great deal of its Fluid, ſent out under 
the Form of Light ; and the Fluid of the Pla- 
nets is daily chang'd into Solids (ſcarce becoming 
fluid again) as we ſee it yearly happen in our 
Earth; it is plain either that the Sun's Forces will 
by Degrees be loſt, and the Fluid of the Planets 
be conſum'd (which is very unlikely) or elſe 
that they are to be renew'd at ſtated Times. _ 
there 
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there is no Way that ſeems ſo fit for it, as to 
look upon Comets (which paſs thro' vaſt Spaces 
in the Æther) to be ſmall Bodies which are de- 
ſign'd in Time to come to make Light, projected 
taro* thoſe Spaces, and as it were ſcatter'd and 


loſt in them, which likewiſe by Attraction (a 


Quality natural and belonging to all Bodies) 
draw to themſelves, and as it were treaſure up 
the moiſt Vapours ; that having rais'd em up 
in Tails they may mix them with the Atmo- 


| tpheres of Planets (which was alſo the Opinion 


of Hippocrates of Chios, taken notice of by Ari- 
ſtotle, in the Firſt Book'of Meteors, Chap. 6.) and 
themſelves renew the Sun, the Fountain of 
Light, by falling into it, Hence will the Pri- 
mary Planets be augmented ; whence the Satel- 


lite's Orbit (that is, if ſuch a Planet has a Sa- 


tellite) and Period will be contracted ; of which 
Phenomenon we ſpoke above in its Place; and 
other Things will happen, which we men- 
tion'd, when we ſpoke of Comets in the forego- 
ing Book. J 
There may alſo ſometimes be another Effect 
or Uſe of a Comet. Namely, if a Comet paſ- 
ſes near a Planet (its Orbit and Motion carry- 


8 ing it that Way) it will ſo attract it that its Or- 
bit will be chang'd (the Comet's Orbit being 


alſo chang d by the mutual Action;) whence the 
Planet's Period will alſo be chang'd. But the Co- 
met may alſo by its Attraction ſodiſturb the Satel- 
lite, as to make it leave its Primary Planet,and it- 


ſelf become a Primary Planet about the Sun, 


and continually move round it. Beſides, it may 
produce much greater Changes in the Globe of 
the Planet it ſelf, not only by attracting the 


Fluid, if it has any, but alſo by other Qualities, 


as if, for Example, ſo vaſt a Body goes from 
| . the 
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the Sun's Neighbourhood, and being red-hot 
is carried near our Earth. But we have ſaid 
enough of this Matter, eſpecially ſince it does 
not belong to our preſent Purpoſe. 

The Years of Comets are different, according 


to the Magnitude of the greater Axes of the Or- 


bits which they deſcribe about the Sun ; name- 
ly, (by the 4oth and 42d Propoſitions of the 1ſt 
Book } the Year of each Comet is to our Year in a 
ſeſquiplicate Ratio of the greater Axis of the Or- 
bit of the Comet, to twice the mean Diſtance of 


the Sun from the Earth. 'The Sun's apparent 


Diameter, his Diſc, and alſo his Light and 
Heat, as well as the apparent Magnitude of the 
Planets, will be very much chang'd in a Comet. 
Beſides, the Obſerver in a Comet will find the 
Motions of the Planets to, be very different ; 
accordingly, when immers'd in their Regions, 
he has them ſometimes all ſuperior to him, 
ſometimes ſome inferior, and ſome ſuperior; 
or, being rais'd out of thoſe Regions, he ſees all 
the Planets below him ; all which Things may, 
from What has been ſaid before, be defin'd in a 
Comet whoſe Orbit is given. As, for Exam- 
ple: If a Comet, in - ee aſcends to a 
Diſtance from the Sun ſix Times greater than 
the Diſtance of Saturn, which will happen, if 
the Period of the Comet be equal to about 150 
of our Vears (ſuppoſing that in the Perihelium 
it comes extremely near, as it happens in ſome 
of them) then all the Planets, upon Account of 
their Nearneſs to the Sun, will then become in- 
viſible to an Eye plac'd in a Comet; for Saturn 
himſelf will ſcarce be 10 Degrees diſtant from 
the Sun, and the Sun's Diameter will be equal 
to half a Minute. But, to an Eye in a Comet 
whoſe Period is much greater, the Planets are 

e inviſible 
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inviſible all the while that the Comet is in the 
upper Part of its Orbit, which is for the greateſt 
Part of its Lear; for the Velocity of the Comet 
towards the Aphelium is very ſmall, in reſpect 
of that which it has when. it is at, or near, the 
Perihelium. If the Period of the Comet be too 
great; that is, if the Diſtance of the Comet from 
the Sun in its Aphelium does often contain the 
Diſtance 'of Saturn, perhaps the Order of the 
Fix'd Stars, ſeen from ſuch a Comet, will be ye- 
ry different in different Places of its Journey: . 
But yet, 1 hardly think this Difference to be ve- 
N ſenſible, but rather, that the Orbits, even of 
the outermoſt Comets, are very ſmall, when com- 
par'd to the Diſtance of the Sun from the Fix'd 
Stars. COROLLAR T. — 8 
Hence it appears, that the Syſtem of the cir- 
cumſolar Planets, ſeen from a Fix'd Star, wou'd 
become almoſt inviſible, and confounded: with 
the Sun in the ſame lucid Point, whoſe Dia- 
meter wou'd become inſenſible, if it be ſeen di- 
ſtinctly, and free from that Hairineſs, or thoſe 
Rays, which the Fix'd Stars appear to have to 
the naked Eye. For, ſince all the Planets can- 
not be ſeen from a Comet in its Aphelium, by 
reaſon of their Nearneſs to the Sun; how 
much more wou'd they become inviſible from 
ſo great a Diſtance as that of- the Fix d Stars? 
For, ſuppoſing the Parallax of the Maguus Or- 
bis (or the Semidiameter of the Magnus Orbis 
ſeen from a Fix'd Star) to be equal to the Pa- 
rallax of the Sun ſeen from the Earth (neither 
have we any Obſervations which ſhew it to be 
| 3 Sun's Diameter will, at a Fix'd Star, 
carce ſubtend an Angle of five Thirds, and 
Saturn will never be above two firſt Minutes 
from the Suri. Beſides, the Light which. the 
ntl „ 7 Bos 
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Planets borrow, by reflecting the Sun's Rays, 
will be altogether unable to affect ſuch a Sight 
as ours, at that immenſe Diſtance ; and tho' it 
were ſtrong enough to affect it, the Sun's Spe- 
cies would appear to extend itſelf into a Semi- 
diameter, equal to that of the Syſtem, as it hap- 
pens to all lucid Bodies, and eſpecially to the 
Fix d Stars ſeen from the Earth; 'whence they 
wou'd all, as it were, fall in with the lucid Body. 
Therefore, on the other Hand, the Flanets 


which revolve about ſuch Suns (namely, the 


Eix d Stars) do altogether eſcape our Sight. 
There is no Doubt, but that, to an Eye plac'd 


in any Fix'd Star, or Flanet revolving about it, 


the Order of the other Fix'd Stars, and the Fi- 
gures of the Conſtellations, wou'd be quite dif- 
ferent from thoſe that we ſee ; eſpecially ſince 

our Sun wou'd in that Caſe appear as one of the 

Now this immenſe Diſtance of the Fix'd Stars 
or Suns from each other hinders thoſe vaſt Bo- 
dies, and the Planets (very ſmall, if compar'd 
with them) which are carried about thoſe Suns, 
from ſenſibly exerting their attractive Forces on 
each other, and diſturbing each other's Motions. 


The indefinite Number of thoſe Syſtems, inclu- 


ded in no Space, is the Reaſon why they don't 
run into one, but, being ſeparated from one ano- 
ther, will for ever ſtand in the Univerſe, as 
Marks of the Power and Wiſdom of their Al- 
mighty Creator. 3 6 Mb COTS. "920 
F= PxoPosITION VIII. 
TO deſcribe the chief Phanonena of the Fix'd 
Stars, of the Sun, and of all the Planets, ex- 
cept' the Earth, as they wor'd appear to an Eye 
in the Moon. 215 eto LAGS. | 
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since the Moon (as was ſaid in Prop. 56. B. IV.) 


turns round it ſelf from Weſt to Eaſt, about an 


Axis nearly perpendicular to the Plane of the 
Ecliptic, and always parallel to itſelf, equally, 
and in the ſame Time that ſhe revolves about 
the Earth; that is, in a periodical Month; it is 
ban; that, to an Eye plac'd in its Surface, the 
Sun, the fix d Stars, and all the other Bodies 
(that is, all the Planets except the Earth) will 


ſeem nearly to revolve, on the Foles of the E- 


cliptic, from Eaſt to Welt. And thoſe Poles are 
remarkable by fix'd Stars; for the northern 


One has a Star of the fourth Magnitude, after 


the third Flexure of the Dragon, about three 
Degrees diſtant from the Pole ; and the ſouthern 
Pole has near it four Stars of the Fiſh Xiphzas, 
one of which is nearer the Pole than our Arctic 
Polar Star, but yer more remarkable by a nebu- 
lous Star near It. en alſo, as it happens 


- with us, the Stars are all carried at the ſame 


Time by the common Motion, except that their 

roper Motions (whether true or apparent) do 
4 little alter the Caſe. And firſt, ths Sun's ap- 
parent Revolution about the Moon, which is at 
reſt, as to Senſe, is perform'd in a longer Time, 
becauſe the Mon i is, at the ſame Time, together 


with the Earth, carried about the Sun in _ 


quentia'; 1o that the Moon's natural Day is 

of the ſame Duration as our ſynodical Month, 
which almoſt exceeds, by two and a Half of our 
Days, the before deſcrib'd Revolution of the 
ſaid lunar Meridian, in reſpect to the ſame 


fix'd Star. Whence to an Obſerver in the Moon, 


the Sun only riſes twelve Times in a Year, but 
the fix d Stars thirteen Times; or more accu- 
rately, in nineteen Vears, the Sun riſes 200 


and 35 Times, but the f d Stars, 200 and 54 
\* Times: 
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Planets borrow, by reflecting the Sun's Rays, 


will be altogether unable to affect ſuch a Sight 


as ours, at that immenſe Diſtance; and tho' it 
were ſtrong enough to affect it, the Sun's Spe- 
cies would appear to extend itſelf into a Semi- 
diameter, equal to that of the Syſtem, as it hap- 
pens to all lucid Bodies, and eſpecially to the 
Fix d Stars ſeen from the Earth; hence they 
wou d all, as it were, fall in with the Jucid Body. 
Therefore, on the other Hand, the Flanets 
which revolve about ſuch Suns (namely, the 
Fix d Stars) do altogether eſcape our Sight. 
There' is no Doubt, but that, to an Eye plac'd 
in any Fix'd Star, or Flanet revolving about it, 
the Order of the other Fix'd Stars, and the Pi- 
gures of the Conſtellations, wou'd be quite dif- 
ferent from thoſe that we ſee ; eſpecially fince 
our Sun wou'd in that Caſe appear as one of the 
Pix'dStars. DO ODOT FH 
Now this immenſe Diſtance of the Fix'd Stars 
or Suns from each other hinders thoſe vaſt Bo- 
dies, and the Planets (very ſmall, if compar'd 
with them) which are carried about thoſe Suns, 
from ſenſibly exerting their attractive Forces on 


each other, and diſturbing each other's Motions. 


The indefinite Number of thoſe Syſtems, inclu- 
ded in no Space, is the Reaſon why they don't 
run into one, but, being ſeparated from one ano- 
ther, will for ever ſtand in the Univerſe, as 
Marks of the Power and Wiſdom of their Al- 
mighty Creator. '' „ ET bs 

| 207 PROPHOSITTON VIII. 
O deſcribe the chief Phanonena of the Fix d 
Stars, of the Sun, and of all the Planets, eu- 
cept the Earth, as they wou'd appear to an Eye 
in the Moon. rhe 6 ; 


Since 
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Since the Moon (as was ſaid in Prop. 56. B. IV.) 
turns round it ſelf from Weſt to Eaſt, about an 
Axis nearly perpendicular to the Plane of the 
Ecliptic, and always parallel to itſelf, equally, 
and in the ſame Time that ſhe revolves about 
the Earth; that is, in a periodical Month; it is 
plain, that, to an Eye plac'd in its Surface, the 
Sun, the fix'd Stars, and all the other Bodies 
(that is, all the Planets except the Earth) will 
ſeem nearly to revolve, on the Foles of the E- 
cliptic, from Eaſt to Welt. And thoſe Poles are 
remarkable by fix'd Stars ; for the northern 
One has a Star of the fourth Magnitude, after 
the third Flexure of the Dragon, about three 
Degrees diſtant from the Pole; and the ſouthern 
Pole has near it four Stars of the Fiſh Xiphzas, 
one of which is nearer the Pole than our Arctic 
Polar Star, but yet more remarkable by a nebu- 
lous Star near it. And then alſo, as it happens 
with us, the Stars are all carried at the ſame 
Time by the common Motion, except that their 
proper Motions (whether true or apparent) do 
4 little alter the Caſe. And firſt, ths Sun's ap- 
parent Revolution about the Moon, which is at 
reſt, as to Senſe, is perfori a longer Time, 
becauſe the Moon is, at the ſame Time, together 
with the Earth, carried about the Sun in conſe- 
quentia; ſo that the Moon's natura! Day is 
of the ſame Duration as our ſynodical Month, 
which almoſt exceeds, by two and a Half of our 
Days, the before deſcrib'd Revolution of the 
ſaid lunar Meridian, in reſpect to the ſame 
fix'd Star. Whence to an' Obſerver in the Moon, 
the Sun only riſes twelve Times in a Year, bur 
the fix d Stars thirteen Times; or more accu- 
rately, in nineteen Years, the Sun riſes 200 
and 35 Times, but the fix'd Stars, 200 and 54 
15 5 Times: 


— 
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Times: And the riſing Sun is almoſt a whole 
Sign forwarder than before. | "SY 

This natural Day of the Inhabitants of the 
Moon is equally divided into Light and Dark- 


neſs, becauſe the Axis, about which the Moon 


revolves, is almoſt perpendicular to the Plane 
of the Moon's Way about the Sun ; and there- 
fore there is no Twilight at the Moon before 
the Sun's Riſing, or after its Setting; becauſe 
ſuch a Thing can't happen, unleſs there was 
an Atmoſphere about. the Moon, (as has been 
ſhewn in the 8th Prop. of the 2d Book. Whence, 
to the Moon's Inhabitants, the Sun ſeems to 
move in a Circle between the Poles of the firſt 
Motion. 8 

Altho' the Sun's Way, ſeen from the Moon 
among the Fix'd Stars, be nearly the ſame as its 
Way ſeen from the Earth, and the Places of the 
Planets are nearly the ſame ſeen from the Moon 
as from the Earth; yet, when the Moon is not 
in the Nodes, a nice Obſerver will ſee the Sun 


deviate from the Ecliptic towards the contrary 


Side, and extend its Light beyond the Pole of 
the Moon, which is under that towards which 
it declines, leaving the other Pole in Darkneſs. 
But all theſe Things become right again in half a 
lunar Day, when the Moon returns to its Node 
and the Plane of the Ecliptic, in order to go to 


the other Side of the Ecliptic, and to undergo 
the ſame Phænomena towards the other Pole, for 


the remaining Part of the Day. 

Beſides all the Inequalities in the Planets Mo- 
tions ſeen from the Earth, which muſt obtain in 
the Moon as well as the Earth, becauſe it is 
carried along with it; there are others peculi- 
ar to the Moon, the chief of which are theſe. 
When it is Day to the Inhabitants of the Middle 


ot 


1a 
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of that Hemiſphere of the Moon which is turn'd 
from the Earth, the Sun appears to go ſlowly 
among the Fix'd Stars; and very ſlowly at the 
Point of Noon ; but the next Day it will be found 
to have gone faſter among the Fix'd Stars in the 
Night-Time. And on the contrary, to an Obſer- 
ver in the Middle of that Hemiſphere of the 
Moon, which is towards the Earth, the Sun will 
appear, by Day, to move ſwiftly under the Fix'd 
Stars towards the Eaſt, and very ſwift at Noon : 
But at Night the Sun goes very flowly under 
the Fix'd Stars, and ſloweſt of all at Midnight. 
The ſame Things are alſo true of Venus and Mer- 
cury, becauſe they are always near the Sun; 


oon and alſo of Mars, when it is in Conjunction with 
s its the Sun, tho' thoſe Things are leſs remarkable 
the then, upon Account of its great Diſtance 
oon from the Moon at that Time; but they are 
not inſenſible in Jupiter and Saturn, when their 
zun Poſition is towards the Sun. If any one of the 
ary ſuperior Planets, ſeen from the-Moon, be in Op- 
of poſition to the Sun, in which Caſe it is retro- 
ch rade, it will appear to an Inhabitant in the 
{s. Middle of the Hemiſphere,  turn'd from the 
fa Earth, to be more retrograde than ordinary, by 
de Night, but leſs by Day; and leaſt of all, or moſt 
to pPf all, juſt at Noon, or juſt at Midnight. So 
70 likewiſe an Obſerver, living in that Part of the 
or Moon, which the Earth ſeems to hang over, will 

ſce a Planet in Oppoſition to the Sun, to be the 
* leaſt retrograde of all at Midnight, and moſt of 
n all at Noon. And theſe Things in Mars are twice 
B more ſenſible than in the Sun: But in Jupiter 
. and Saturn theſe Differences almoſt vaniſh. 


: Likewiſe, if any Planet, which from the Earth 
appears Stationary, appears to be in Oppoſition 
0 to the Earth, in reſpect to the Moon, it will be 

"Pe. 
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trograde; but direct, when in Conjunction 
with the Earth, which will be very ſenſible in 
Venus. | 
An Aſtronomer, plac'd in the Moon, and ig- 
norant ofthe Motion of his Habitation about the 
Earth, or the Motion of the Earth about the Sun, 
for making good the 'Theory of every Planet, 
will, to all the Epicycles invented by a Terre- 
ſtrial Aſtronomer, ſuper-add a new Epicycle, or 
Epicyclo-Epicycle, to explain the above-men- 
tion'd Inequalities. As for Example: To the Ex- 
centric of the Sun, deſcrib'd about the Earth, 
made Uſe of by an Inhabitant of the Earth, (for 
an Inhabitant of the Earth, that admits an Ex- 
centric, does not want an Epicycle for explain- 
ing the Sun's Motion) will add, over and above 
an Epicycle, and will ſuppoſe that the Sun is 
carried round in it, in the Space of one of the 
lunar Days, whilſt at the ſame Time the Center 
of the Epicycle is carried in the Excentric by 
the annual Motion: Thus will the Sun's diur- 
nal Inequality, obſerv'd by a lunar Aſtronomer, 
be explain'd, if, whilſt it is Night, with the lu- 
nar Inhabitant, which is directly under the Earth, 
he ſuppoſes the Sun to be in the lower Part of 
the Epicycle, and in the upper Part of it whilſt 
it is Day with him. So alſo to the Excentric 
of Mars about the Earth and its Epicycle, con- 
trivd by a terreſtrial Aſtronomer, by which 
the Motion of Mars, ſeen from the Earth (ſup- 
pos'd at reſt) is explain'd, he will ſuper-add an- 
other Epicycle carried in the Circumference of 
the firſt, which Mars will be imagin'd to go 
thro' in the Space of Nychthemerom, or natural 
Day. And this is the only Way that our lunar 
Aſtronomer can ſettle his Aſtronomy, if he be 
ignorant of the Motion of his Habitation, ang aſ- 
erts 
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ſerts it is at reſt: Namely, by transferring the 
Circle which is really deſcrib'd by himſelf and 
his Habitation in the Heavens, and ſuppoſing 


the Motion to be made in it, in the ſame Time, 


and in an inverted Order ; and retaining its true 


Magnitude, if the true Diftance is known ; but 


if it is not (and there are no Means to find it out 
in the Suppoſition of the Moon at reſt) at leaſt 
the Epicycle is ſuppos'd of ſuch a Magnitude, 
that it may appear from the Obſerver's Place, of 
the ſame Magnitude, as the true Orbit of tlie 
faid Place wou'd appear at the ſame Diſtance. 
If the Inhabitant of the Moon's Hemiſphere, 
which the Earth hangs over, be ſuppos'd to 
know the Motion of his Habitation abour the 
Earth, and of the Earth about the Sun, and ca- 
pable of making Obſervations as accurately as 


we make them on Earth; he will be able, ex- 


actly enough, to compare the Magnitudes and 
Diſtances of the Sun, and the Planets of the ſolar 
Syſtem, with ſuch Magnitudes and Diſtances as 
are familiar to him. For he may meaſure the 
Diameter of his Habitation, after the ſame Man- 
ner as we do that of our Earth. Moreover, he 
will eaſily compare the Diſtance of the Earth, 
with the Moon's Diameter ; for the Moon's Di- 
ameter ſubtends an Angle ſenſible enough at the 
Earth, namely, an Angle of half a Degree : And 
he will make uſe of the Diameter of his Orbit, 
as a Scale, to find the Diſtances of the other 
Bodies of the World. For that ſubtends an 
Angle at the Sun, the third Part of a Degree, 
ſuppoſing that the Sun's Parallax, ſeen from the 
Earth, is only 10" ; bur ariſes to almoſt half a 


Degree at Mars, when it is in Oppoſition v ith the 


Sun, and at Venus in Conjunction with the Sun, 


and, being retrograde, exceeds a Fifth and a Half 
of 


4 


— 
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of a Degree. Moreover, an Inhabitant of the 
Moon will, after the ſame- Manner, find out the 
Ratio's between the Diſtances of the Prima 
Planets from the Sun, as an Inhabitant of the 
Earth does ; and knowing the Diſtances, he will 
eaſily find their Magnitudes from their apparent 
Diameters. 


| PxoposITION IN. 

22 deſcribe the chief Phanomena in the Earth, 
ſeen by an Eye in the Moon. HD 

There are in the Moon two Hemiſpheres, al- 
together different, nay, even contrary, in re- 
ſpect of the Phænomena, of which we are to 
ſpeak in this Propoſition. For they conſtantly 
ſee the Earth in one Hemiſphere of the Moon, 
and never in the other ; unleſs-that, near the Li- 
mits of them, there is a Tract, to whoſe Inha- 
bitants the Earth ſometimes riſes a little above 
the Horizon, and ſometimes going, back, as it 
were, ſubſides again under it. In the Hemiſphere, 
from which the Earth is ſeen, it appears as it 
were nail'd up, in the ſame Point of the Heavens, 
(except that it appears to move from thence a lit- 
tle towards one Side or the t'other, and then to 
return by a libratory Motion) whilR, in the mean 
Time, in the Space of a natural Day, the Sun, 
and the other cœleſtial Bodies, move towards it 
from the Eaſt, to go afterwards from it towards 
the Weſt. And a Star coming to the Earth, 
hanging in the Ether, is not extinguiſh'd ſud- 
denly, but, by little and little, is firſt cover'd 
with a Milt, and at laſt, getting behind the Earth, 
ceaſes to be ſeen by a lunar Obſerver ; which 
is occaſion'd by the Atmoſphere about the Earth, 
by which the Rays, going from a Star to the Eye, 
are almoſt choak'd up. Moreover, to — 
the 
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the Inhabitants of the ſaid lunar Hemiſphere, 
to Earth appears continually to be fix'd directly 
over their Heads; and that is, to ſuch of them 
as live in the very Middle of the ſaid Hemi- 
ſphere: But to ſome of them it appears to de- 
cline towards the North, to others towards the 


; South, to ſome towards the Eaſt, and to others 


towards the Weſt, more or leſs, according as 
their Habitation is nearer to, or farther fim, the 
ſaid Middle, or ſome Side or other of it; till at 
laſt, to the Inhabitants of the foreſaid Limits, 
which divide the Moon's two Hemiſpheres, the 
Earth will appear to be in the Horizon, one Half 
of it ſtanding up like a flaming Mountain: But 
they that dwell in a Circle of the Moon, which 
goes thro' the Middle of the ſaid Hemiſphere 
and the Poles, have always the Earth in the Me- 
ridian. | eb 1580 
They that obſerve the Earth at Reſt, in its 
Place, ſee its Orb fifteen Times greater than we 
ſee the Moon, but all the while turning about its 
Axis, and appearing to carry its Spots, (which 
they will, in a rude Manner, diſtribute into ſome 
Figures, after the Manner that the common 
People ſuppoſe a Thing like a Man's Face in the 
Orb of the Moon) from Eaſt to Weſt, and then 
return to its firſt Situation, in about the twenty- 
ninth Part of a lunar natural Day. Kepler, from 
that Rotation of it, ſuppoſes, in his Lunar Aſtro- 
nomy, that the lunar Aſtronomers call the Earth 
Volva, (Whirler) and the Moon, ſuppos'd fix'd, 
Veſta, as never to be mov'd from its Place, and 
that they look upon our Globe, which they ſee 
hanging in the ther, as a ceœleſtial Body, 
which therefore they muſt not call by the Name 
of Earth: Therefore he calls he Inhabitants of 
that Hemiſphere, under this Volſva, Subvolvæ, 
| and 
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and S$ub207vani, and the others which are de- 
priv d of the Sight of it, Privolvæ; which Names 
I ſhall alſo make uſe of hereaſter. Beſides, the 
ſaid Revolution of the Volva, there is alſo, as it 
were, another nodding Motion of it, by which 
ſometimes it ſhews the Lunarigns its N orthern, 
and ſometimes its Southera Pole, and that in the 
Space of one Day. For when by the Firſt Mo- 
tion, or Motion of the Primum Movile, Sagitta- 
rius's Bow comes towards the Volva, the Luna. 
rians. (eſpecially thoſe which are at the N orth) 
will ſee the Northern Pole of the Volva, and the 
Spots, and brighter Parts about it, which, for 
ſome Revolutions of the Volva, will not retire 
behind it, when at the ſame Time thoſe, that are 
about the Southern Pole, do not offer themſelves 
to Sight: After half a Nychthemeron is over, and 
that Caſtor is come to the Volva, the Northern 
Spots of the Volva will be hid, and the Southern 
ones will come in View. 

The Lunarians ſee this Volva .encreaſe, or de- 
creaſe, in the ſame Manner, with the ſame Pha- 
ſes, and for the ſame Reaſons, as our Moon ; but 


the ſame Period of. Phaſes, which we call 3 


Month, they call a natural Day. They, that 
ſee the Volva in their Meridian, have the New- 
Volva or New-Earth at Noon, the Firſt Quarter 
at Night, the Tull-Volva at Midnight, and the 
laſt Quarter in the Morning. They that dwell 
under any other Meridian, at a Diſtance from 
the foreſaid Meridian (which is the principal 


One, and, upon Account of its Situation, ma 


according to Kepler, be ſuppos'd to be call d, 
Circulus Medi volvauus, by the Lunarians) to- 
wards the Eaſt or Weſt, have the Moment of 


each Phaſis at a different Hour, according to the 


Diſtance of their Meridian fr om the Medivolvan 
Circle, 
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Circle, and the Number of Hours into which 
they divide their Day; therefore the Phaſes of 


the Volva denote the Hours, which alſo is done 


by the Diſtance of the Sun from the Volva ob- 
ſerv'd by Day. Whence the Volva ſerves for a 
Dial to all tH@&&$u>v0/vanz For by the Diverſity 


of its Phaſes, by the Approach of the Sun or 


Fix'd Stars towards it, by the Name of the Pole 
that it ſhews, and laſtly, by the ſwift Motion 
of the Spots; (for the remarkable Pafts of the 
Volva, our Mountains, Lakes, Iflands, Seas. 
c. even tho? they are not immediately ſhin'd 
upon by the Sun, become viſible, eſpecially be- 
fore and after the New-Volva, as the Moon's 
Parts to us before and after the New-Moon, 


_ tho\,rereris paribus, not ſo diſtinctly, becauſe the 


Moon, being a leſs Body, muſt refle& leſs Light 


to the Earth, than the Earth, which is a greater 


Body, does to the Moon z) it divides the Day 
and Night (which are indeed very long) into a 
ſufficient Number of Parts. This Volva alſo 
does ſhew the Parts of the Year diſtinctly e- 
nough in the following Manner: Since in Sum- 
mer-time to the Inhabitants of Europe the Arctic 
Pole points towards the Sun, and the whale 
Arctic frozen Zone is enlighten'd by the Sun 


for ſeveral Days, and that our Earth is the Vo 


va of the Lunarians, whoſe Arctic Pole, and a 
great Region about it, is enlighten'd, during 
ſome Part of every Nychthemeron ; it is plain that 
when a great Region of the Vlva, lying about 
its Arctic Pole, appears enſighten'd to a Lunarian, 


the Sun will be ſeen from the Moon at the 


Conſtellation of Gemini, and that will be the 
Time of the Year which an Inhabitant of the 
Northern Hemiſphere of the Earth calls Sum- 
mer, and in that Caſe the Lunarians will clearly 


C eee ſee 
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fee the dry Land and Seas about the North Pole, 
which are yet undiſcoverd by us. After a 
Quarter of a Year our Lunar. Obſerver will ſee 
the Light terminated at each Pole of the Volva; 
a Quarter of a Year after that, he will ſee the 
Regions about the South Pole F the Earth, 
which are altogether unknown to us, enligh- 
ten'd by the Sun; and after another Quarter the 
Light will again reach each Pole. He will alſo 
diftinguiſh the Seaſons of the Year according to 
the different brightneſs of Scandinavia and Scy- 
thia, for Example, as being greater, ceteris pa- 
ribus, in Winter, when it is cover'd with Snow, 
than in Summer: And this Difference of Eright- 
neſs will be more viſible in that- Sea which is 
near the Pole of the Volva, becauſe in our Sum- 
mer it looks like a Spot, and in Winter it is as 
brißtras the moſt ſhining Parts. 

The Lunarians have Eclipſes of the Sun and 
of the Volva, as the Inhabitants of the Earth 
ſee Eclipſes of the Sun and Moon, and at the 
ſame Time, but with ſome Difference. For as to 
us an Eclipſe of the Moon happens at the Time 
of the Full- Moon, ſo to them an Eclipſe of the 
VYolva happens at the Time of the Full-Vo/va ; 
and as the Sun appears to us to be in an Eclipſe 
at the Time of the New-Moon, it appears ſo to 
them at the Time of the New-Vo/va But tho 
to the Inhabitants of the Earth the whole Moon 
appears Eclips'd, the Lunarians never have a to- 
tal Eclipſe of the Volva; for they ſee a certain 
reddiſh Spot paſs from Eaſt to Weſt over the 
Diſc of the Volva, making more hafte than its 
native Spots, and ſometimes going over the 
Center of the Diſc, being four Hours in going, 
over ; but oftner going beſide it, when the Ap- 
pearance is leſs laſting. 


Their 
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wholly Eclips'dto a 


Their ſolar Eclipſe is caus'd by the Volva, 


juſt as our ſolar Eclipſe is by the Moon ; and 


when we have an Eclipſe of the Moon, the 


Sun is totally Eclips'd to the Lunarians that in- 


habit the darken'd Part of the Moon: But it 
often happens that an Inhabitant of the Moon 
(eſpecially one that dwells near the Limits of the 
Subvolvæ and Privolvæ) ſees a partial Eclipfe of 
the Sun, when the Moon appears to. us with 
a full Orb, the Earth's Penumbra not ſenſibly 
extinguiſhing the Moon's Light. And it like- 
wiſe happens, that to a certain Tract of the 


Earth the Sun appears to ſuffer a partial Eclipſe, 


when at the ſame 'Time a Lunarian does not per- 
teive the Volva to be Eclips'd at all: But when 
we have a total Eclipſe of the Moon, the Sun is 

l the Lunarians. Since the 
Diameter of the Volva is four times greater than 
the Sun's Diameter, the Sun will be fully hidden 
by the Volva, and that for a long Time, which 
cannot happen to us by the Interpoſition of the 
Moon ; nay, the Sun's Eclipſe may be total 
and laſting when it is not Central. The Inha- 
bitant of the Lunar | Hemiſphere, over which 
the Volva hangs, ſees frequenter Eclipſes of the 


Luminaries than the Inhabitants of a given He- 


miſphere of our Earth; for the Subvalvans alone 
ſee all the Eclipſes, ' and the Privolvans none, 
ſince a great Part of the Eclipſes feen by the 


* Inhabitants of the Earth, belong to the oppo- 


ſite Hemiſphere. The before-deſcrib'd total E- 
clipſe of the Sun, tho' it happens often to the 
Lunarians, cannot but be very remarkable ; for 
that is the only Time that the Subvolvans are al- 
together depriv'd of Light: For it has been 
ſhewn before, that the Medivolvans, or thoſe 
who are in that Part of the Moon which is 


directly under the Earth, have the firſt Quar- 


Ccecc'2 ter 
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ter of the Volva at Sun-ſet, and the laſt Quar- 
ter at Sun- riſe; whence the Volva, ſhining all 
Night, is to them fifteen Times greater than 
our Moon, and powerfully diſpels the Dark- 
neſs. But in the total Eclipſe of the Sun, both 
the Sun and the Volva are extinguiſn'd at the 
ſame Time, and all is dark. But this Inconve- 
niency has its Remedies; for the Sun's Rays, 
being refracted by the Atmoſphere which is a- 
bout the Volva, make the Body of the Sun ap- 
pear enlarg'd, and as it were of a greater Dia- 
meter, but at the Edges, (which only are ſeen) 
of an Iron- colour, to thoſe Inhabitants of the 
Moon which receive thoſe refracted Rays; for 
which Reaſon there is hardly a total Darkneſs, 
except when the Sun's Eclipſe is nearly central], 
and that cnly for a little 'Time about the Mid- 
dle of the Eclipfe. But if it happens that a 
very high Mountain, ftanding almoſt out of the 
Atmoſphere of the Volva, is in the Edge of it; 
he, on whom the Shadow of that Mountain falls, 
will wholly loſe the Sun's Light, and not enjo 
the Benefit of the Refraction of the ſolar Rays, 
made at the Atmoſphere of the Viva: And he, 
that from a great Diſtance ſees the Shadow of 
the Volva receiv'd on the Moon's Diſc, will per- 
ceive a very black Spot in that Flace. On the 
other Hand, there is here no Diminution of the 
Darkneſs in a ſolar Eclipſe, upon account of the 
Illumination of the Spectator's Atmoſphere, be- 
cauſe he has none. | 125 
Moreover, at the Time of the Sun's Eclipſe, 
the Light that ends in a Point extended along 
the Ecliptic from each Side of the Sun (of 
which we ſpoke in the Schol. of Prop. 8. B II.) 
will be clearly ſeen by a Lunarian, if there be 
at that I ime a Heap of Corpuſcules in the Shape 
of a Lens to produce it; nay, that Light 1 4 
27 alſo 
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alſo be ſeen when there is no Eclipſe, if the Sun 
be cover'd from the Eye by the Interpoſition of 


ſome —_— Body ; for the Eyein the Moon 1s 
e 


not affected by the Rays which are reflected 
from the/ ambient enlighten'd Atmoſphere, be- 
cauſe the Moon has no Aſmoſphere about it ; 
which is likely from obſerving that it is ſo even- 
ly circumſcrib'd, and not vaniſhing at the Edges 
as if it had Down upon them ; and becauſe the 
Stars near its Limb are not at all darken'd, but 
vivid and ſhining till they are wholly hidden. 
By reaſon of that Want of an Atmoſphere, the 
Lunarians will have no Twilight before the Riſe 
of the Sun (except the ſhining of the Solar Atmo- 


| ſphere) or after its Setting; becauſe the Cauſe 


which occaſions it upon Earth ceaſes here: 
Moreover, the cœleſtial Bodies will have no 
Refractions, and therefore no Change of Place 
upon that account. | 

We have hitherto ſuppos'd that to the Luna- 
rians the Volva is unmov'd in the Heaven, be- 
cauſe for the moſt part it is really ſo: But it 
has a certain libratory Motion, by which it ap- 
pears to any Lunarian ſometimes to move a lit- 
tle towards one Side, then to return to the ſame 
Place, and afterwards to move to the other Side. 


But this libratory Motion of the Volva is eaſily 


divided into two: For either the Volua appears 
to librate towards the South and North upon 
the ſame Circle of Latitude; or towards the 
Eaſt and Weſt upon the Ecliptic. Let us ſup- 
poſe the Sun and the Yolva to be in a central 
Conjunction, when the Sun is ſeen in the Eclip- 
tic it ſelf, or that a right Line, joinjng the Cen- 
ters of the Sun and Yolva, goes thro' the Moon; 
that is, that to the Inhabitants of the Earth the 
Moon is in Oppoſition to the Sun, when in one 

| GEETCY of 
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of the Nodes; as for Example, the deſcending 


Node ; in which Caſe the Sun is centrally E- 


clips'd to the Lunarians, as has been before ex- 


plain d. After the Eclipſe, the Sun is by the 
Common Motion carried to the Weſt, whilſt 
at the ſame time the Volva will ſeem to decline 
towards the North, and this Declination will be 
greateſt of all after a quarter of the Lunar Nych- 
themeron, namely 5 Degrees, when the Polar 
Region of the Privolvans becomes viſible to the 
Volva five Degrees beyond the North Pole, and 
an equal Region of the S1bvolvans at the 
South Pole is reduc'd to the State of the Privol- 
vans, from which time the Volva returning 
back upon its Steps, comes again to the Eclip- 
tic, in a Space ſomething leſs than half of the 
Lunar Mychibemeron. Afterwards it will run 
out as far towards the South, and make the 
Lunarians of the South Pole from Privolvans 
to become Subvolvans, and fo contrarily to- 
wards the North; and before the whole Nych- 
theii.cron be over, it will return a ſecond time to 
the Ecliptic. This whole Libration of the 
Volva to the North, and to the South, is per- 
form'd in a ſpace of Time not only leſs than 
the Nychthemeron, but alſo leſs than that in 
which the Fix'd Stars, which have left any 
Lunar Meridian, are by the firſt Motion 


brought to it again; and the Yo/va being the 


ſecond time return'd to the Ecliptic, will be 
found in Conjunction with more Weſterly Fix'd 
Stars than thoſe with which it was in, Conjuncti- 
on at the time of the Sun's Eclipſe, from which 
we begun to reckon. After another whole Li- 
bration of this Kind is finiſh'd, it will be in 
Conjunction with Fix'd Stars that are yet 
more Weſterly, and ſo on; fo that it will be 

nineteen 


SR. a8 4 = x a mt IA 


Book VI. of ASTRONOMY. 871 


nineteen Years before the Volva be found again 
in the Ecliptic, in Conjunction with the ſame 
Fix d Stars, juſt as it is about to decline North- 


ward. From the different Magnitude of the 
Period of the Libration of the Vo/vg in Latitude, 
and of the Nychthemeron, it happens, that when 
half a Nychthemeron is elaps d after the Sun's 


central Eclipſe, the Luminaries will have no 


Eclipſe of the Vo/va : For the Sun being come 
to the Oppoſition with the /o/va (that is, in the 
Plenivolvinm, or Full-Vova, in which alone ſuch 
an Eclipſe may happen) the Yolva having juſt 
paſs'd the Ecliptic (for it was come to it a lit- 
tle before the Sun was in Oppoſition with the 
Volva) will be got ſo far Southward by its Li- 
bration, as toeſcape the Moon's Shadow. An 
Inhabitant of the Va will, indeed, ſee the Sun's 
Eclipſe at that Time, if he lives towards the 
North Pole of it, but not total; in which Caſe 
alone, the Volva appears to a Lunarian to have 
an Eclipſe. Likewiſe, in the following Novi- 
volvium, or New-Volva, tho' centrally eclipſed, 
the Moon will eſcape the Shadow of the Volva., 
Thoſe Lunarians, which are nice Obſervers, 
will ſometimes ſee the Volva bigger, and ſome- 
times leſſer, and that whole Variety. is gone 
thro' nearly in the Space of a lunar natural Day ; 
but, more accurately, in the Space that the Fix'd 
Stars take up to return to the ſame Meridian. 
Let us ſuppoſe, that to a Lunarian the Vol 
appears to have the leaſt Diameter when it is 
ſeen in the ſaid Circle of Latitude on which it 
has its North and South Libration. The Dia- 
meter of the Volva being, by Degrees, encreas d, 
the Volva itſelf will deviate from the ſaid Circle 
towards the Welt, during almoſt a Quarter of 
the natural Day, and return to it the next Quar- 
GECEA ter, 
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ter, and then the Diameter. of the Volva will 
appear the greateſt; and then from that Place 
it will again deviate towards the Eaſt, and its 
Diameter will grow leſs, and it will perform 
one entire Libration by returning to the Eclip- 
tic (at which time its Diameter will again be 
leaſt of all) in one Revolution of the Fix'd 
Stars. This Deviation, when greateſt, will be 
about 5 Degrees; and juſt fo much will the 
Circle, which divides the Su&volvarns from the 


Provolvans, be carried ſometimes in the Weſt 


leaving the Eaſt, ſometimes in the Eaſt leaving 
the Weſt, as by the former Libration it was 
carried to the North, or to the South. And 
the Volva, after having perform'd one whole 
Libration in Longitude of this Kind, returning 
to its firſt Circle of Latitude, namely the mean 
one, between the Extremes of its Libration, 
(during which Time, from appearing leaſt, it 
gradually encreaſes till it appears biggeſt, and 
returns again to its firſt Appearance) will ap- 
pear in Conjunction with more Eaſterly Fix'd 
Stars than thoſe with which it was in Cpnjun- 
ction before, when it was in the ſame Circle of 
Latitude: And again after the next Libration, 
to Stars ſtill more Eaſterly ; and fo on, till after 
almoſt nine Years the Volva appears both leaſt 
and in Conjunction with the ſame Fix'd Stars, 
and in its proper Circle of Latitude, ready. to 
go from it by librating towards the Weſt. But 
neither of theſe Librations is found to be always 
equal to itſelf, but the Libration in Latitude is 
the greateſt on thoſe Days which are near to 
the Eclipſe of either of the Luminaries ; and 
leaſt on thoſe Days which are the moſt remote 
from the.Eclipſes : And the Libration in Lon- 
gitude is greateſt of all, when the Volva in the 

+ V 


1 
V.. 


the 8 

6 3 
Prin 
tellit 
pite! 
nom 


Book VI. of ASTRONOMY. 873 
Sun's Syzygy appears greateſt or leaſt ; but leaſt 
of all, when the Volva in the Sun's Quadrature 


appears greateſt or leaſt. 


PRO POSITION X. 


7 determine the principal Phænomena that 
wou'd appear to an Eye, plac'd in jome one of 
the Satellites of Jupiter or Saturn. 

The Phenomena of the Sun and of the other 
Primary Planets, except that to which the Sa- 
tellite belongs, when ſeen from a Satellite of Ju- 
piter or Saturn, will be like or ſimilar to their Phæ- 
nomena ſeen from our Moon, if thoſe Satellites 
are like ir turn'd about their own Axes; namely, 
each of them upon an Axis almoſt perpendicular 
to the Plane of the Orbit of his Primary Planet 
about the Sun, and in a Period equal to the Peri- 
od of the ſaid Satellites about its Primary Planet, 
as it is very likely, In the mean time we' muſt 
obſerve, 3 tho' from Jupiter we can ſee no 
Primary Planet beſides Saturn, and from Saturn 
none but Jupiter; yet from ſome of the Satel- 
lites of Jupiter or Saturn they may all be ſeen. 
For we ſaid that Mars and the Planet below 
Mars cou'd not be ſeen from Jupiter for this 
Reaſon, viz. Becauſe we ſuppos'd Jupiter to 
have an Atmoſphere, which, being enlighten'd 
by the Sun, hinder'd ſuch Planets as were near- 
er to the Sun than 20 Degrees from being ſeen. 
But # d ſuppoſe the Satellites of thoſe Prima- 
ry Planets to be like the Satellite of the Earth, 
they will alſo be without an Atmoſphere, as our 
Moon is: Therefore an Eye in one of em will 
ſee the Planets, when they are near the Sun, un- 
leſs the Sun's —_— Atmoſphere hinders it ; 
but even Mercury, ſeen from Saturn, will ſome- 
times appear 3 Degrees diſtant from the Sun. 
| = And 
if 


874 The ELEMENTS Book VI. 


And, as the Sun's apparent Diameter from Sa- 
turn is about go”, it is plain, that Mercury goes 
farther from the Sun than the Limits of the At- 
moſphere; and then, that it may be ſeen by an 
Eye that is not hinder'd by an encompaſſing 
Atmoſphere, that is, by an Eye placed in a Sa- 
tellite of Saturn, to which Mecury may yet 
(thoꝰ but a little) appear farther diſtant from the 
Sun, than to an Eye in Saturn itſelf. More- 
over, the Phenomena of Jupiter ſeen from Jupi- 
ter's Satellite, or of Saturn ſeen from a Satellite 
of Saturn, will be the ſame as the Phænomena 
of our Earth ſeen from the Moon, and differ in 
nothing but the Meaſure of their Digreſſions 
and Librations : As, for Example, To the Sub- 
volvans of any Satellite of Jupiter, the Volva 
does not appear to librate from the Ecliptic, to- 
wards the North, or South, above 3 Degrees ; 
tho' the Libration in Latitude of the Vo/va ſeen 
from one of Saturn's Satellites, is more than 30 
Degrees. Burt in the Jatter, as well as in the 
former Satellites, there is no Libration in Lon- 
gitude, or, if there is any, it is not ſenſible, 
becauſe the Orbits of the Satellites of Jupiter 
and Saturn are nearly circular. | 
The Fhænomena which appear to an Obſer- 
ver in any of the faid Satellites, very different 
from the Phxnomena which appear in our 
Moon, are ſuch as appear from their Compani- 
ons. For, if the Volva has any Satellite nearer 
to itſelf than that in which the Eye is, that 
Satellite will never appear in Oppoſition to the 
VJolva, but always near it, librated like a Pen- 
dulum, ſometimes towards the Weſt, and ſome- 
times towards the Eaſt of the Volva, deſcribing 
the Arc of at great Circle, which the Volva di- 
vides into two equal Parts; and, if there are 
more 
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lefſer Arc on each Side, and the other into a 
greater ; and theſe Satellites will never ſet to 
the middle S$ub&volvans, and never rife to the 
middle Privolvans. But thoſe which have the 


Volvaà a little below the Horizon to the Eaſt or 


Weſt, will ſee theſe Satellites riſe in the Eaſt 
or Weſt, and go towards the Meridian, then 
go back again, and ſet in the fame Place. If 
the Volva has a Satellite more remote from it 
than that in which the Eye is, it will appear to 
the Privolvans once in their natural Day, to 
the middle Privolvans, and middle Subvolvans, 
it riſes and ſets very ſlowly, and when it comes 
to the Meridian, it appears to the Sibvolvans 
to move faſter towards the Weſt, and to the 
Privolvans to move flower towards it; from 
which it is eaſy to gueſs what Appearance the 
Inhabitants of the Satellites between both will 
have. In the mean 'Time, any one of thoſe Com- 
panions, or Satellites of the Volva, make the Sun 
to be eclips'd, and it ſelf is alſo eclips'd, either 
when it runs into the Shadow of the Volva, or 
into the Shadow of the Satellite where the Ob- 
ſerver is, or of any other of the Satellites. But 
any one may eaſily find the various Symptoms 
and Times of theſe Eclipſes, and ſeveral other 
Things relating to this Matter. 
| COROLLARY. 

From the ten foregoing Propoſitions, it fol- 
lows, that Aſtronomy is the moſt ſimple of all to 
an Eye placed in the Sun. For, if the Eye be 
placed in its Center, the true Syſtem does not 
differ from the apparent: If it be rais'd up to 
its Surface, the Obſerver may alſo compare 
the Diſtances of the fix Primary Planets from 
his Habitation with his own Meaſures, and 
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thence determine both their Magnitudes, and 
that of their Satellites. But he will falſely ima- 
gine that all Things are carried from Eaſt to 
Weſt; but if he ſuppoſes that his Habitation 
moves about the ſame Axis towards the Weſt or 
contrarywiſe, this one and ſimple Motion will 
- al him from the apparent to the true Sy- 
em. - es 2 

If the Eye be ſuppos'd in any one of the ſix 
Primary Planets, the Aſtronomy is more complex 
and difficult to be ſettled; becauſe (contrary to 
the Obſerver's Senſes) a double Motion is to be 
attributed to his Habitation, in order to find out 
the true Syſtem; and that the Proportion that the 
Planetory Orbits bear to each other may be 
known. Mercury is the moſt unfit of any for 


Aſtronomy, becauſe he has no Satellite from 


which he may certainly conclude the Opacity 
of any ccœleſtial Body; he has no inferior Pla- 
net, I which he may from the Phaſes perceive 
that ſome Planet revolves about theSun. Mars 
and Venus want Satellites, but they have inte- 
rior Planets ; and therefore they are not ſo un- 
fit as Mercury ; but leſs apt 'than the Earth, 
which has both Conveniencies. 'Tho' Jupiter 
has a great many Satellites, yet he does not ſee 
any inferior Planet, unleſs he can diſtinguiſh 
Planets nearer the Sun than we can : Saturn, on 
the contrary, ſees -no ſuperior Planet, and but 
one inferior one. Therefore no one of the Pri- 
mary Planets (be the Caſes as much varied as 
poſſible) has ſo many Helps for finding out the 
genuine ſolar Syſtem, and from it knowing the 
1 of the Planetary Orbits, as the 
rt h. | 


But 
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But the Syſtem being diſcover'd, the Magni- 
tudes and Diſtances of the Planets will be very 
hard to be found out, by the Inhabitants of any 


of the Primary Planets, and will not exactly 


be compar'd with their common Meaſures. Ju- 
piter ſeems the fitteſt for that Work, then Ve- 
nus, then Saturn, next Mercury, and Mars is 
the unfitteſt of any: What Place we muſt give 
to the Earth, in this Caſe, is uncertain, becauſe 
the Angle at the Sun, which the Earth's Diame- 
ter ſubtends, as has been hitherto found, rather 
by Analogy, than Obſervation. - Perhaps the 


Magnitude of the ſolar Syſtem will, in Time, be 


firſt diſcover'd by Obſervations of Comets : For 
if, by any of the Methods given, in the ſecond 
or third Book, you can find the Diſtance of 4 
Comet paſſing near the Earth, whoſe Orbit is 
given in Poſition and Magnitude (from the fifth 
Book,) you will find the Magnitude of the Or- 


bit of any Planet, or Comet, whoſe Period is 


known. 
Aſtronomy is more intricate and difficult 


to an Obſerver in one of the Secondary Pla- 


nets. For in Order to eſtabliſh it, ſo as it 
may agree with the Phænomena, a Primum Mo- 
bile muſt be introduc'd, to cary all cœleſtial 
Bodies from Eaſt to Welt, in the Space of a na- 
tural Day : But that will not be enough ; for the 
Volva is not carried by that firſt Motion, altho' 
it be a celeſtial Body; and in one of Jupiter's, 
or Saturn's Satellites, ſome of the cœleſtial Bo- 
dies (inferior to the Volva) are carried round by 
the Primum Mobile, and others not. Moreover, 
for demonſtrating the ſecond Motions, there 
muſt be Deferents, Epicycles, and Epicyclo- 
Epicycles, and the Aſtronomer will often be ob- 


| liged to change them all; whence his Syſtem. 
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will be very complex, and the Calculation very 
intricate. But he will, with Eaſe, practiſe Geo- 


graphy and Navigation: For beſides all the 


Helps, he may receive from Geometry, and the 


ſame Means of finding the Latitude as we 
have, he may compute the Longitude from the 


Meridian, which is under the unmov'd Volva, 
and will immediately obſerve the Diftance of 
the Meridian of any Place in the Hemiſphere 
of the Subvolvans, from the firſt Meridian ; 
which can't ſo well be done in a Primary Pla- 
net, becauſe it has nothing unmov'd in the Hea- 
vens to look at, beſides the Poles of the firſt 
Motion. Theſe Things may very nicely be per- 
form'd in one of Jupiter's Satellites, becauſe to 


them the Volva remains, as it were, unmov'd ; 
lefs accurately of all in our Moon; to which the 


Volva does not only librate in Latitude (as it hap- 
pens to the Inhabitants of the Saturnian Moons) 
but alſo in Longitude ; ſo that for finding the 
Longitude of a lunar Place, by the Obſervation 
of the Volva, there mutt be had a Theory of the 
Libration of the Vo/va. Moreover, by Obſer- 


_ vations made in ſeveral Places of his Habitation 
at the fame Time, an Aſtronomer, in a Satellite, 


may find the Diſtance of the Volva, and of the 
other Satellites of it, which wou'd -ſcarce be 
known any other Way, (except, perhaps, from 
the different apparent Magnitude of thoſe 


Moons) and thence deduce the Motion of the 


Moon about the Volua; and this wou'd be the 
firſt Step towards finding out the true Syſtem. 
For the Variety of Phaſes, which gave Occaſion 
to the Inhabitants of the Earth, to find out thar 
Venus and Mercury move about the Sun, can 
be of no Service here, 


But 
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But at laſt, if the Inhabitants of any Satellite 
knows that this Habitation moves about the 
Volva, and that the Volva revolves about the 
Sun, he is ſituated in the beſt Place of any, for 
improving Aſtronomy : For, beſides an accurate 
Geography, very neceſſary to Aſtronomy, there 
being no Atmoſphere, no Miſts or Clouds do 
ever hinder Obſervations, and he may obſerve 
the celeſtial Bodies by Day as well as by Night, 
and all the Planets, even thoſe that are near the 
Sun; therefore, if there are any Planets below 
Mercury, which we can't ſee, he will ſee them, 
and encreaſe Aſtronomy ſo much the more; 
Beſides, he will obſerve the cœleſtial Bodies 
without Refraction, (becauſe it is occaſion'd b 

an ambient Atmoſphere) and this alone does 10 
much diſturb the Obſervations of the Inhabi- 
tants of the Earth, that the taking off ſmall 
Angles, is a Matter almoſt deſpair d of. More- 


over, the Volva rotated in its Place, ſerves as a 


Dial for all the $ubvolvans to Took at, and by 
Help of it, the Moments of Obſervations are 
eaſily known. The Earth's Companion, the 
Moon, is the moſt convenient of all the Satel- 
lites for this Uſe, for its apparent Aſtronomy, 
(ſuch as the firſt Beginnings of Aſtronomy muſt 
be every where, unleſs the true Syſtem be di- 
vinely reveal'd) will. be leaſt compounded or 
perplex'd, becauſe the Earth has no other Com- 
panion ; whence an Obſerver there will ſooner 
come to the Knowledge of the true Syſtem. 
And tho' the Diameter of the Orbit of the 
outmoſt Satellite of Jupiter or Saturn, ſubtends 
an Angle at the Sun, almoſt equal to that which 
the Diameter of the Moon's Orbit ſubtends, 
and ſo the Diſtance of the Sun from Jupiter, or 
Saturn may, by Obſervations made in their 

outer- 
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outermoſt Satellites, be almoſt exactly defin'd, 
as its Diſtance from the Earth, by Obſervations 
made in the Moon; yet, fince the Diſtance of 
the Sun is known, by knowing the Diſtance of 
any Primary Planet, an Inhabitant of one of 
Jupiter's Satellites will, in order to this Enquiry, 
chooſe the next Primary Planet to it{elf, namely, 
Mars, when it is in Conjunction with the Sun, 
and retrograde; as we do Venus, when it is ſi- 
milarly poſited: But the Angle, which the Dia- 
Meter of the Moon's Orbit ſubtends at Venus, 
when it is near the Earth, is almoſt three 'Times 

ater than the Angle which the Diameter of 
the Orbit of the outermoſt of Jupiter's Satellites 
ſubtends at Mars, when it is neareſt to Jupiter. 


they are alſo 


SY NOH 
OF THE _ 
Aſtronomy of CoME Ts. 


By Epmuny Har L Ev, L. L. D. Savi- 


lian Profeſſor of Geometry at Oxford. 


"= 


HE ancient Egyptians and Chaldeans 
(if we may credit Diodorus Siculus ) 
by a long Courſe of Obſervations, 
were ſaid to be able to predict the 
wy HR of Comets. But ſince 
aid, by the Help of the ſame 
Arts, to have prognoſticated Earthquakes and 
Fempeſts, tis paſt all Doubt, that their Know- 
ledge, in theſe Matters, was the Reſult ra- 
ther of meer Aſtrological Calculation, than 
of any Aſtronomical Theories of the Cceleſtial 
Motions. And the Creeks, who were the Con- 
querors of both thoſe People, ſcarce, found any 
other Sort of Learning amongſt them, than 
| Dddd this, 


foretells, that there ſhould be Ages ſometime 
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this. So that *tis to the Greeks themſelves as the 
Inventors (and eſpecially the great Hipparchus 
that we owe the Aſtronomy - we have, and 


which is now improv'd to ſuch a Heighth. But 


yet, amongſt the Greeks, the Opinion of Ari- 


Rotle (who wou'd have Comets to be nothing 


elſe, but Sublunary Vapours, or Airy Meteors) 
prevail'd ſo far, that this moſt difficult Part of 
the Aſtronomical Science lay altogether neg- 


lefted ; for no Body thought it worth while to 


take notice of, or write about, the wandrin 
uncertain Motions of what they eſteemed Va- 
pours floating in the Ether; whence it came to 
paſs, that nothing certain, concerning the Mo- 
tion of Comets, can be found tranſmitted from 
them to us. = 
But Seneca the Philoſopher, having conſider'd 
the Phænomena of two remarkable Comets of 
his Time, made no Scruple to place them a- 
mongſt the celeſtial Bodies; believing them to 
be Stars of equal Duration with the World, tho? 
he owns their Motions to be govern'd by Laws 
not as then known or found out. And at laſt 
(which was no untrue or vain Prediction) he 


hereafter, to whom Time and Diligence ſhou'd 
unfold all theſe Myſteries, and who ſhou'd 
wonder how *twas poſſible the Ancients cou'd be 
ignorant of them, after ſome lucky Interpreter 
of Nature had-ſhewn, in what Parts of the Hea- 
vens the Comets wander'd, what Sort of Beings, 
and how great they were. Yet almoſt all the'A- 
ſtronomers differ from this Opinion of Seneca; 
neither did Seneca himſelf think fit to ſer down 
thoſe. Phxnomena of the Motion, by which he 
was enabled to maintain his Opinion ; nor the 
Times of thoſe Appearances, which might v. 
| 0 
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of Uſe to Poſterity, in order to the determining 


theſe Things. And indeed, upon the turning 
aver very many Hiſtories of Comets, I find 


nothing at all that can be of Service in this Af 


fair, before A. D. 1337. at which Time Nzcepho- 
rus Eregoras, a Couſtantinopolitan Hiſtorian and 
Aſtronomer, did pretty accurately deſcribe the 
Path of a Comet amongſt the Fix d Stars, but 
was too lax, as to the Account of the Time; 
ſo that this moſt doubtful and uncertain Comet 
only deſerves to be inſerted in our Catalogue, 
for the ſake of its appearing near four- hundred 
Years ago. WED TEE. ; 
The next of our Comets was in the Year 
1472, which being the ſwifteſt of all, and 
neareſt to the Earth, was obferv'd by Regiomon- 


 tanus. This Comet (fo fearful upon the account 


both of the Magnitude of its Body, and the Tail) 


- mov'd forty Degrees of a great Circle in the 


Heavens, in the Space of one Day ; and was the 
firſt, of which any proper Obſervations are come 
down to us. But all thoſe that confider'd Co- 
mets, until the Time of Tycho Brahe (that great 
Reſtorer of Aſtronomy) believd them to be 
below the Moon, and ſo took but little Notice 
of them, reckoning them no other than Vapours. 
But in the Year 1577, (Tycho ſeriouſly purſu- 
ing the Study of the Stars, and having gotten 
large Inſtruments for the performing ccœleſtial 
Menſurations, with far greater Care and Ger- 
tainty than the Ancients cou d ever hope for) 
there appear d a very remarkable Comet; to th 
Obſervation of which Tycho vigorouſly applied 
himſelf; and found by many juſt and faithful 
Trials, that it had no Diurnal Parallax that was 


perceptible: And conſequently was not onhy 


no Aerial Vapour, but alſo much higher than 
| Dddd 2 the 
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the Moon; nay, might be plac'd amongſt the 
Orbs of the Plariers, fer any Thing that appear d 
to the contrary; the cavilling Oppoſition, made 
by ſome of the School-men i in the mean time, 
being to no Purpoſe. 

Dycbo was ſucceeded by the moft fagacious 
Kepler. He, having the Advantage of Tycho's 
'Labours and Obſervations, found out the true 
Phyſical Syſtem of the World, and vaſtly im- 
proved the Science'of Aſtronomy. 

For he demonſtrated that all the Planets per- 
form their Revolutions in Elipric Orbits, whoſe 
Plains paſs thro? the Center of the Sun, obſerving 
this Law, that the Areas of the Elliptic Sectors, 
taten at the Center of the Sun (which he proved to 
"be in the common Focus of theſe Ellipſes) are always 
proportional to the Times in which the correſpon- 
dent Elliptical Arcs are deſoribb d. He diſcover'd 


alſo that e Diſtances of the Planets from the Sun 


are in the feſquialtera Ratio of the Periodical 
Times, or (which is all one) that the Cubes of the 
Diſtances are as the Squares of the Times. This 
great Aſtronomer had the Opportunity of obſer- 
ving two Comets, one of which was a very re- 
markable one. And from the Obſervations of 
theſe (which afforded ſufficient Indications of an 
Annual Parallax) he concluded, That ihe Comets 
00'd freely thro” the Planetary Orbs,with a Mo- 
0 not much different from a Rectilinear one; 
of what Kind he cod not preciſely determine. 
ye 7 Hevelins (a noble Emulator of Tycho Bras 
) following in Kepler's Steps, embrac'd the 
ſame Hypotheſis of the Rectilinear Motion of the 
Comets, himſelf accurately obſerving many of 
them. Vet he complain'd that his Calculations 
did not perfectly agree to what he obſerved in 
the Heavens: And was aware, that he Path of 
a Comet 
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a Comet was bent into a Curve'Line concave \ito- 


wards the Sun. At length, came that prodigious 


Comet of the Year 1680. which deſcending (as 


it were from an infinite Diſtance) perpendicu- 
larly towards the Sun, aroſe from him again with 
26 great 4 Velocity, 5 ivoiict 2 2 5 * 

This Comet, (which was ſeen for four Months 


© continually). by the very remarkable and pecu- 


liar Curvity of its Orb (above all others) gave 
the fitteſt Occaſion for inveſtigating the Theory 
of its Motion. And the Royal Obſervatories, at 
Paris and Greenwich,having been for ſome Time 
founded, and committed to the Care of moſt 


excellent Aſtronomers, the apparent Motion of 
this Comet was moſt accurately (perhaps as far 
as human Skill cou'd go) obſervd by Mr. 


Caſſiui and Flamſteed. 

Not long after, that great Geometrician the 
Illuſtrious Newton, writing his Mathematical 
Principles of Natural Philoſophy, demonſtrated 


not only that what Kepler had found, did neceſ- 


ſarily obtain in the Planetary Syſtem ; but alſo, 
that all the Phænomena of Comets wou'd natu- 
rally follow from the ſame Principles; which he 
abundantly illuſtrated by the Example of the a- 
foreſaid Comet of the Year 1680. ſhewing, at 
the ſame Time, a Method of delineating the 
Orbits of Comets Geometrically ; therein ſol- 
ving (not without meriting the higheſt admira- 
tion of all Men) a Problem, whoſe Intricacy 
render'd it ſcarce acceſſible to any but himſelf. 
This Comet he prov'd to move round the Sun 
in a Parabolical Orb, and to deſcribe Area's 


(taken at the Center of the Sun) proportional 


to the Times. 4 


Dddd 3 Where- 


1 IVOS = 


* : 
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--Wherefore (following the Steps of fo great a 
Man) I have attempted to bring the fame Me- 
thod to arithmetical Calculation; and that with 
all the Succeſs I cou'd wiſh: For, having col- 
lefted all the Obſervations of Comets 1 cou'd, I 
have fram'd this following Table, the Reſult of 
a prodigious deal of Calculation: Which, tho' 
but ſmall in Bulk, will be no unacceptable Pre- 
ſent to Aſtronomers. For theſe Numbers are 
capable of repreſenting all that has been yet ob- 
ſery'd about the Motion of Comets, by the Help 
only of the annex d General Table; in the mak- 
ing of which, I fpar'd no Labour, that it might 
come forth perfect, as a Thing conſecrated to 


. . , . * of * 
Boſterity, and to laſt as long as Aſtronomy it 
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4 General Table for Calculating the Motions 
of Comets in a Parabolical Orbit. 
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_— 
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Med. Angul. 44 Logar. Med.] Ang. 4 Logar. 
mot. peribelio-|- pro diſt. mot. elt, pro dif. 
olgr. ! % 4 Sole. © Sr. 7 / 7 à Sole. 
2 1.31.40 0.090077 41 15 3-29, 440. -©98 300 
2| 3» 3-15]2-92030g9 i 42 54.27.3200. 102019 
; J 3] 4.34˙43 P0694 43 155-24 210. 105752 
4g| 6. 6. 01231 | 44 56. 20. 120. 109490 
5 7.37 5.81921 45 77.15. 6.113240 
6 9. 7.43% ˙ 02759 46 58. 9. 350. 116995 
7110.38. 24.803745 47 59. 2. 40. 120756 
812. 7.54%. 004876 48 59.54. 1100.124518 
9.13 8 006151 49 [00.45.25 0-128278 
1013. 6. 7.007564 5651.35.45 0.132035 
11 16. 34.200. 009115 51 62 25. 1400˙ 135792 
12018. 1.540. 010798 52 5219.84.13 
1301928. 45e. 01259 52 64. 1.400.143 291 
14 54546-1470 54 [64˙48.3800. 47029 
"5 22.20,14 [9.016607 55 [$5-34-509-159762 
| 16123-44- 44; 018783 56 66. 20. 130154482 
17025. 8. 22 0.021072 57 67. o4. 50e 158192 
1826.31. 80.023470 58 [67 48.42 161890 
1927.52 5 50.025969 59 68.3 1. 5165578 
2029.13.47 0 028570 _60 [69. 14.16[9-169254 
21030. 33. 40/0, 031263 61 Kc9. 55.58 172914 
22,31-52-32j9-03494 5 62 /o. 36.560. 176557 
2332. 10. 23 0.03691 63 71.17. 16%. 180188 
24477 120. 039864 64 71.56. 56 0. 183803 
— 35 42. 39 0.042892 65 723.872˙187454 | 
| 2636.57.4 [0455 89 66 [13-14-15]>-190978 | 
 2538.11,24}>.04515/ 67 [73-51-59 0-194540 
28 39. 23.5400 052382 68 [44+-29- 60. 198085 
29 40.35 23 O. 05 5668 69 17 5-05» 380. 201614 
32 41.45-47]0-259009 70 [75-41-35,9-205122 
42.56. 060. 052400 71 176. 16.560. 200612 
2.44, 3. 2000.065838 72 176-51. 4300. 212080 
21 290 069319 75 7-28.57 13529 
34045 16.35% 072839 74 77:59. 40. 218963 
3347.21. 360. 076396 75 78.32.5400. . 222378 
36/48.25.33,0-079984 76 [19+ „3 ff. 225769 
3749.28.27. 05 3600 77 737.45 ˙¼229142 
38050. 30. 1940.087214 78 80. 923 6.232488 
3951.31. 8,0.0902910] 79 30. 40. 340. 235809 
4005 2.30. 5610.094596 80 81.171.160. 239137 | 
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The Sinead Table continued. 


> 


mot. 


— # 


104 
106 
108 
110 


112 


116 
118 
120 


122 
124 
126 

128 

130 


100 +4 h 
102 90.45 · 14%. 306782 


Mea. Ang. 4 
eri helio. 7 diſt. 


gr. 


/ 7 


82.11 19 


83. 9434 


: 


Log Ar. 


a Sole. 


81.413 10.242416 


2.245684 


82.49-400:24893 3 


0.252159 


83.38. 4/0. 255366 


84. 6. 8 
84-33-49 
85. 1. 5 
85.27. 58 
85 54.27 


0.258552 
0.261720 
0.264865 
0. 267989 
0.271092 


86.20.34 
86.46.20 


87-11-43 


0.274176 


9.277239 
O. 280284 


87.36. 4 50. 283306 


38.25.49 


88.01. 27/0. 286308 


9. 289293 


7 88.48.40, 292252 
89.133200. 295201 


89.36. 540. 298 122 


114 


99.00.00 


0.301030 


91.29. 180.3 12469 


92.12. 140. 318060 
92.54. 40.322587 
23.34.52. 329042 


94.14.4003 34424 
94.53.30. 329736 
9 3-31-2210.344979 
96. 8.2200. 3 50153 
9544.30 0.355262 


97.19.4800. 360306 
97.54.19 ˙365284 
98. 28. 00D. 35702 
99.09.57.375052 
99.33. 11.379842 


132 
134 
136 
128 
| 140 


100. 4.4300 384576 


100.35. 459 399252 


101. 5. 220.3938638 
101.35. 2200.398428 
102. 4. 190. 402930 


Med. 


mot. ö 


0 


142 
144 
146 
148 

1580 


1 gr. / ty 


perihelio 


— Ü3— 


Logan, 
pro dift. 


a Sole. 


1 02.3 2.41 
103 00.3 
10 3527.47 
103. 54.3 
04.20. 43 


* 


152 


155 
158 
160 


104 46.2 


0.407380 | 
0.411784 
416132 
0.420430 
0.424676 


0.428866 


9 437110, 


162) 
164 
166 
168 
170 
172 
174 
176 
178 
180 


to. 10 44 
[07-33-17 
107.55˙27 
108.17.14 


108.38 37 
108.59-39 
109,20.20 
109.40.40 
11. oo. 40 


105 47. 470. 


0.456936 
0460772. | 
0. 454208 
468318 
0. 472030 

0.475705 
9.479340 

0.482937 | 


182 
184 
186 
188 


as eee, 
110. 39.41 
110 58.44 
111.17.28 


199]1 11-35-55 


I 92 
194 
196 
198 
200 


204 
208 
212 
216 
220 


224 
228 
232 
236 


111.54 5 
11211.58 
112. 29.34 
112.46. 55 
113. 4-00 


— ́—— — 


13.3725 


0. 486 498 
9.490022 
D.493 512 
0.496965 
o. 500384 
0.503769 
9.507121 
9.51044 
9.313729 
0.516984 
0.524496 


114. 9.52 
I I 4-41.23 


Il5.41.5 | 


1— — — — 


240 


115.12.0242.541958 


116. 10. 5200.553782 
116 39. 50539538 
117.16. 38 555199 
117.33. 27P. 570762 
117.5935065 76233 


0.529705 
535886 


547922 


| 


Med, 


mot. 


o | gr. 
11825. 5 
24d 
1252 
ꝓſ1 25611 


Ae, 


260 


284 


| 296] 


[121-49:22 


26. 1444 
126.52. 121 


0.708 104 


129.38. 4 


131.5541 4c 
0.787216 


Ang. & 
| Peri helio. 
n 


118 4957 
119.1414 
19.3786 
120. I. 6 


120.4552 
121. 9-3 
121.28.39 


Legar. 


pro dit. 
à Sole. 


N 
0.586912 


0.592122 


0.602 301 


0.60727 4, 
0.612174. | 
0.616998 | 


0.62 1 ” 50 
9.62643 8 


122. 938 
122.29. 28 
122.4 8.54 
123. 7.57 
23.26.35 


1241 1.40 
1245436 
125˙35˙34 


0.631056 


O. 40098 


0.544525 
0.648893 


0.659559 
0,669880 


0.679876 


0.698970 


127.28. 6 
128. 2.33 
128.35+-38 
129. 7-27 


130. 7.34 
130.36. 2 
131. 3.30 
131.30. 


716976 
0.725606 
2,7 34006 
0.742186 


0.750160 


0.757930 
0.965516 


20.772918 


0.780148 


132.20. 3 
32.44.32 
133. 7.50 


O. 794122 
0.800882 


l 33-30-25 
132. 32.20 20 


134-34-18 
135. 


0.807494 
-813909 
9810.826522 


4+ CO» 838550 
. 2 RIO» 850187 
1136.27. 60.86 1369 
137.00 57 74735 


0.597252 | 


+ ode: 


n dl 


13 0.882575. 
640/138. 3.5 80.892649 
660ʃ128.33. 210. 902401 
6801139. 1.290 · 911866 
57000139. 28. 8.25 0.921012 


726/139. 54-1619: 929997, | 


0.635608 | 


740 
760 
780 
800 
8 20 
840 
860 
880 
oo 


140.19. 5 
140. 42.56 
141. 5-55 
141. 28. 3 


141.49 24 
142.10. OO 


[42.29.56 
142.49. 10 


143. 7.480. oo 


5.689568 |. 


920[143.25-51|1.006871 


- 940[143.43-21 


9601144.00.18]I-O2015F 
g980[144.16.46|1-026583 
I0001144-32.46]1-022876 


Igoo[149.26. 81.158188 
2000[152.26,15]1.245058 
2500154. 3 2. 20.313703 
30156. 7.27 1.368678 
3500 157-22.49| 1.414974 


4700159. 
5000 4 
5500160. 40. 5 
6000[IG1H.14.24 


6500161. 45. oo 
7000162. 12.34 
75991162.37.34 
80:0 163.00.23 
8500163. 21. 20 


16.3 


1.12 


The General Table continued. 

ſ Ang a 
mot. eri helio 
en "gr. 
6200137. 334 


Legar. 
Pro at, % 
4 Sole. 


0.938549 
o. 946951 
0.955124 
0.963082 


0. 970836 
o. 978597 
0.98 5771 
00. 92970 


1. 13586 


1.490125 
1.521521 
1.549874 
1.575718 


1.599460 
1-621417 
1.641838 
1.660922 
1.678834 


9000163. 40.42 
9500163. 58.38 
1000.64.15. 20 
Ie we 52, © 
172-4544 


100000 


1.695708 
1.711662 
1.726784 
2. 197960 


2 * 
4 


2.399655 | 
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The. Conſtruction and Ve of the general 


Table. 


S the Planets. move in Elliptic Orbs, ſo 
A do the Comets in Parabolic ones, having 
the Sun in their common Focus, and "deſcrib 
equal Areas in. equal Times. Now ſince all 
Parabola's are ſimilar to one another, there- 
fore if any determinate Part of the Area of a gi- 
ven Parabola, be divided into any Number of 
Parts at Liberty, there will be a like Diviſion, 
made in all Parabola's under the ſame Angles, 
and the Diſtances will be proportional: Conſe- 
quently this one Table of ours will ſerve for all 

omets. Now the Manner of the Calculation of 
this Table is thus: In the Zig. | 


N Ab 1 
1550 5 be the Sin, 'POC the Orbit of a Gia 
P the Perihelion, O the Place where the Comet 
is 90 gr. diſtant from the Perihelion, C any o- 
ther Place. Draw the right Lines CP, CS, and 
make ST, 5 R, equal to C; and having drawn 
the right Lines C R, CT (whereof the one is a 
Tangent, and the other a Perpendicular to the 


Curve) let fall C & perpendicular to the Axis 


PS R. 
Nov, any Area, as COPS, being given, tis 


requir d to find the Angle C 8 P, and the Di- 


ſtance 0 F. From the Nature of the Parabola 


R 


_ Mm 


892 ASYNO PS1IS of the 


ber 
RY is ever = 5 the Parameter or Latus rectum bol 
of the Axis, and conſequently if the Parameter de 
be put = 2, then R 2 I. Let C =s; then ta 
P & ſhai! = 5 zz, and the Parabolic Segment Co1 
COP. n 2252. But the Triangle CP will N. 
=} 2, and ſo the Mixtilineal Area COPS= we 
rx 3' +12==4, whence 2 +3 2 4. Where- the 
fore, reſolving this Cubical Equation, 2 onthe Co 
Ordinate C will be known. Now, let the Ar 
Area O PS be propos'd to be. divided into one the 
hundred Parts; this Area is 7; of the Square of Ti 
the Parameter, and conſequently 12 a is = that Qu 
Square = 4 If therefore. the Roots of theſe 3.1 
Equations 2 +32=0,04 :.0,08 ; O, 12: 0, 16, Sc. to 
be ſucceſſively extracted, 8 will be obtain'd th 
fo many 2 or Ordinates C reſpectively, and nu 
the Area SO P will be divided into one hun- to 
dred equal Parts. And, in like Manner, is the Pa 
Calculus to be continued beyond the Place O. 0. 
Now the Root of this Equation (fince R © is 9. 
= I) is the Tabular Tangent of the Angle th 
CR, or the Angle CO P, wherefore the le 
Angle CSP is given. And R C, the Secant ar 
of the ſame Angle C R Q,, is a mean Propor-  : nn 
tional between K & or Unity, and R J, which is ce 
the Double of 5 C, as is plain from the Conics. 9 
But if S be put 1, and ſo the Latus rectum w 
= 4 (as in our Table) then R T will be the D 
Diſtance ſought, vi. the Double of SC in the 
former Parabola. After this Manner, therefore, ri 
L compos'd the foregoing Table, which ſerves 
to repreſent the Motions of all our Comets ; of it 
which hitherto there has been none obſerved, a1 
but come within the Laws of the Parabola. g 
It remains now, to give the Rules for the 4 
Calculation, and to ſhew the Way of determine» z1 


ing the Place of a Comet ſeen, by theſe N wh 
ers 
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bers. De Velocity of a Comet, moving in a Para- 


bola, is every where to the Velocity of a Planet 
aeſcriking a Circle about the Sun, at the ſame Di. 


ſtance from the Sun, as 2 to 1. as appears from 


Cor. J. Prop. 16. Lib. I. of the Princip. Phil, Nat. 
Math. If therefore a Comet, in its Perihelium, 
were ſuppos'd to be as far diſtant from the Sun as 
the Earth is, then the Diurnal Area, which the 
Comet wou'd deſcribe, wou'd be to the Diurnal 


Area of the Earth, as J 2 to 1. And conſequently, 


the Time of the Annual Revolution is to the 
Time in which ſuch a' Comet wou'd deſcribe the 
Quadrant of its Orbit from the Perihelium, as 
3.14159, -&c.. (that is the Area of the Circle) 
to YF. Therefore the Comet wou'd deſcribe 


that Quadrant in 109 Days, 14 Hours, 46 Mi- 


nutes; and ſo the Parabolic Area (analogous 
to the Area P.OS) being divided into 100 
Parts, to each Day there wou'd be allotted 
0.912280 of thoſe Parts, the Log. of which, vis. 


9.960128, is to be kept for continual Uſe. But 


then the Times in which Comets, at a greater or 
leſs Diſtance, wotr'd deſcribe ſimilar Quadrants, 
are as the 'Times of the Revolutions in Circles, 
that is, in the ſeſquiplicate Ratio of the Diſtan- 
ces: Whence the Diurnal Areas eſtimated in 


Centeſimal Parts of the Qu uadrant (which Parts 
e mean Motion, like 


we put for Meaſures of 
Degrees) are in each, in the ſubſeſquialtera Pro- 
portion of the Diſtance from the Sun in the Pe- 
rihelion. 

Theſe Things being neceſſarily md, let 
it be propos'd to compute the apparent Place of 


any one of the foremention'd Comets for any 


iven Time. 'Therefore, 
1. Let the Sun's Place be had, and the Log. of 


its Diſtance from the Earth. 
| 2. Let 


894 .: ASYNoBs1$0f the 
2. Let the Difference between the Time of the Pe. 
ri helion and the Time given be gotten, in Days and 


decimal Parts of Days. To the Log. of this Num- 


Ber, let there be added the conſtant Log. 9. 9601 28, 


and the Complement Arithmetical of three Halves 


of the Log. of the Peribelion Diſtance of the Comet 
from the Sun: The Sum will be the Log. of the 
mean Motion, to be ſought in the firſt 0000 mn of 
the general Table. | 
2. With the mean Motion, let there be HIER the 
correſpoudent Angle from the Perihelion inthe Ta- 
ble, and the Log. for the Diſtance from the Sun: 
Then in Comets that are direct, add, and in re- 
trograde-ones ſubtract; if the Time be after the Pe- 
ribelion, the Angle thus found, to or from the Peri- 
helion : or in direct Comets, ſubſtract; and in re- 
trograde ones add; if the Time be before the Peri- 
 behion, the foreſaid Angle to or from the Place of 
the Perihelion; and ſo we ſhall have the Place of 


the Comet inits Orbit. And tothe Log. for the Di- 


ſtance found, let there be added the Log. of the Di- 


ſtance in the Perihelion, and the Sum will be tbe 


Log. of the true Diſtance of the Comet from the Sun. 

4. The Place of the Node, together with the Place 
of the Comet in its Orbit "being given, let the Di- 
Rance of the Comet from the Node be found; i hen 
the Inclination of the Plane being given, there 
will be given alſo (from the common Rules of Tri- 
gonometry ) the Comets Place reduced tothe Eclip- 


tic, the Inclination or Heliocentric Latitude, aud 


the Log. of the Curtate Diftance. 

; 5 om theſe Things given (by the very ſame 
Rules that we find the Planet's Places, from the 
Sun's Place and Diſtance given) we may obtain 
the Apparent or Geocentric Place of the Comet, 
together with the apparent Latitude. And this 
it may be worth while'to illuſtrate by an Exam- 
ple or two. ExXAMPLE I. 


1 
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ExAMPTLE I. . 


Let it be requir'd.to find the Place of the Comet of ' 
. - the Tear 166f, March 14, 7", oo', P. M. | 
London. That is, 964, 19h, 8, after the 
Peri helion, which happen d November 24% 


N 
| Log. Diſt. Perihel. o. 011044. 
Log. Seſquialt. o. 016566 
Comp. Arith. 9. 983434. 

| 9. 960128 


Log. Temp. T- 985862 
Log. Med. Mot. f. 929424 
Medius Motus. 85. or. 


Perihel. “ 10. 41. 25 ; 
Ang. Correſp. 83. 38. 05— 
Comet in Orb. 8 17. 3. 20 
Aſcend. Nod. It 21. 14. 00 


Com. à Nodo 34. 10. 40 
Red. ad Eclip. 32 . % © 


Com. Helioc. 5G 18. 54. 55 


Incl. Bor. 5 
Log. pro diſt. o. 255369 
Log: Perihel. o. 11044 
Co.: ſin. Incl. 9. 990754 
Log. diſt. Curt. o. 257167 
Log. diſt. © 9. 997918 
be „% an a 
"Oy Com. Viſus 1 29. 18. 30 
„„ Lat. Viſa . 36. 15 
his . 2 | | | 
= - To 181 Pt 
I. 
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Let it be requir'd to find the Place of the Comet of 


| the Tear 1683, July 23*, 13", 35'; P. N. 
London: Or, 13h, 4o' Equat. Time. That is, 
219, 10h, 50% after the Peribelion, 
Log. Diſt. Perihel. 9. 748343 
Log. Seſquialt. 9. 622314 
Comp. Arith. cdi. 377486 
9: 968128 ; 
Log. Temp. 899793, - 
Log. Med. Mot. 1. 648337 
Medius Motus 44. 498, 
Perihel. H. 25. 29, 30 
. Ang. Correſp. 36. 47. 20— 
Comet. in Orb. Y 28. 42. 10 
Nod. Deſcend. * 23. 23. oo 
Com. a Nodo 35. 19. 10 
Red. ad Eclip. 4 48. 30 
| Com. Helioc. 28, xx. 30 
- ; Incl. Der. | 35; 2. oo 
| Log. pro diſt. o. 111336 
* Log. Perihel. 9. 748343 
Co-ſin. Incl. 9. 913187 
Log. diſt. Curt. 9. 172866 
Log. diſt. O o. 006104 
O Locus Qt 10. 41. 25 
| Com. Viſus © [8 6 : 
by Lat. Bor. 28. 52. 00 
At the Inſtant of Time, ſpecified in the firſt 
Example, *twas obſerv'd (at London) that the 
Comet applied to the ſecond Star of Aries; fo WEE” 
that it was found to be 9“ more Northerly, = 


and 
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and 3' to the Eaſt, according to Dr. Hook's Ob- 
ſervation. But at that of the ſecond Example, 
I my ſelf (near London, with the ſame Inſtru- 
ments whereby I formerly obſerv'd the Southern 
_ Conſtellations) found the Place of the Comet 
5 to be ©, 5% 11 3, and 28 52 North Latitude, 
which agreed exactly with the Obſervation 
; made at Greenwich, almoſt at the very ſame 
8 Moment. | | 
As for the Comet of the Year 1680, which 
came almoſt to the very Sun itſelf (being in its 
Perihelion, not above one 'Third of the Semidia- 
5 meter of the Sun diſtant from the Surface of it,) 
X ſince the Latus Rectum of its Orb is ſo very ſmall, 
it could hardly be contained within the Limits 
of the general Table, becauſe of the exceſſive 
Velocity of the mean Motion. Wherefore, in 
this Comet, the beſt Way will be (after the mean 
Motion is found) to get from thence (by the 


Help of the foregoing Equation 2* + 3% = - 

of the mean Motion) the Tangent of half the 
Angle from the Perihelion, together with the 
Log. for the Diſtance from the Sun. Which 
being found, we are to proceed by the ſame 
Rules, as in the reſt. . 

After this Manner therefore, the Aſtronomi- 
cal Reader may examine theſe Numbers, which 
I have calculated with all imaginable Care, from 
the Obſervations I could meet with. And I have 
not thought fit to make them publick before 
they have been by my ſelf duly examin'd, and 
made as accurate as *twas poſſible, not without 
the Labour of many Years. I have publiſh'd 

this Specimen of Cometical Aſtronomy, as a 

Prodromus of a future Work I have in Deſign, 

leſt, happening to be prevented by Death, 
| Eeee theſe 


898 ASYNores1s of the 
theſe Papers might chance to be loſt, which 
every Man would not be capable to retrieve, 


by Reaſon of the great Difficulty of the Cal- 


x 


culation. 


Now, it may not be amiſs to put the Reader 
in Mind that our five firſt Comets, (the third 


and fourth obſerv'd by Peter Apian, the fifth by 
Paulus Fabricius) as alſo the tenth, ſeen by 
Maftlin, if J miſtake not, in the Year 1596, are 
not ſo certain as the reſt ; for the Obſervations 
were made neither with ſufficienr Inſtruments, 
nor due Care, and, upon that Account, are 
diſagreeing with themſelves, and can by no 
Means be reconcil'd with a regular Computus. 
The Comet, which appear'd in the Year 1684. 
was only taken Notice of by Blanchinus, who 
obſerved it at Rome: And the laſt, which ap- 
pear'd in the Year 1698. was ſeen only by the 
Pariſian Obſervers, who determin'd its Courſe 
after a very uncommon Manner. 'This Comet 
was a very obſcure one, and altho' it mov'd 
ſwift, and came near enough to our Earth; yet 
we, who are wont not to be incurious in theſe 
Matters, ſaw nothtng of it. For Want of Ob- 
ſervations 1 have alſo left out of the foregoing 
Catalogue, thoſe two remarkable Comets which 
have appear'd in this our Age, one in Novem- 
ber in the Year 1689, the other in February in 
the Year 1702. For they directing their Courſes 
towards the Southern Farts of the World, and 


being ſcarce conſpicuous any. where in Europe, 


met with no Obſervers proper for the Purpoſe. 
But if any one ſhall bring from India, or the 
Southern Parts, an accurate Series of Obſerva- 
tions, I will willingly fall to Work again, and 
undergo the Fatigue of repreſenting their Or- 
bits in Numbers, as I have done the reſt. 
By 
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By comparing together the Elements of the 


| Motions of theſe Comets, tis apparent, their 


Orbits are diſpos'd in no Manner of Order ; nor 
can they, as the Planets are, be comprehended 
within a Zodiac, moving indifferently every 
Way, as well retrograde as direct; from whence 
it is clear, they are not carty'd about, or mov'd, 


in a Vortical Syſtem. Moreover, the Diſtances 


in their Perihelia are ſometimes greater, ſome- 
times leſs ; which makes me ſuſpect, there may 
be a far greater Number of them, which may 
move in Regions more remote from the Sun; 
and being therefore very obſcure, and wanting 
Tails, may paſs by us unſeen. | 
Hitherto I have conſider'd the Orbits of Co- 
mets as exactly parabolic; upon which Suppo- 
ſition it wou'd follow, that Comets, being im- 


pell'd towards the Sun by a centripetal Force, 


would deſcend as from Spaces infinitely diſtant ; 
and, by their ſo falling, acquire ſuch a Velocity; 
as that they may again fly off into the remoteſt 


Parts of the Univerſe, moving upwards with a 


perpetual Tendency, ſo as never to return again 
to the Sun. But ſince they appear frequently 
enough, and fince none of them can be found 
to move with an hyperbolic Motion, or a Mo- 
tion ſwifter than what a Comet might acquire 


by its Gravity to the Sun, *tis highly probable 


they rather move in very excentric elliptic Or- 
bits, and make their Returns after long Periods 
of Time: For ſo their Number will be determi- 
nate, and, perhaps, not ſo very great. Beſides, 
the Space between the Sun and the Fix'd Stars is 
ſo immenſe, that there is Room enough for a Co- 
met to revolve, tho' the Period of its Revolu- 
tion be vaſtly long. Now, the Latus Rectum of 
an Ellipſis is to the Latus Rectum of a Parabola, 

Eeee 2 which 


which has the ſame Diſtance in its Perihelium ; 
as the Diſtance in the Aphelium, in the Ellipſis, 
is to the whole Axis of the Ellipſis. And the Ve- 
locities are in a ſubduplicate Ratio of the ſame ; 
Wherefore, in very excentric Orbits, the Ratio 
comes very near to a Ratio of Equality; and the 
very ſmall Difference which happens, on Account 
of the greater Velocity in the Parabola, is eaſily 
compenſated in determining the Situation of the 
Orbit. The Principal Uſe therefore of this I] able 
of the Elements of their Motions, and that which 
indeed induced me to conſtruct it, is, that when- 
ever a new Comet ſhall appear, we may be able 
to know, by comparing together the Elements, 
whether it be any of thoſe which has appear'd 
before, and conſequently to determine its Pe- 
riod, and the Axis of its Orbit, and to fore- 
tel its Return. And, indeed, there are many 
Things which make me believe, that the Co- 


met which Apian obſerv'd in the Lear 1531, 


was the fame with that which Kepler and Lon- 
gomontanus more accurately deſcrib'd in the 
Year 1607 ; and which I my ſelf have ſeen re- 
turn, and obſerv'd in the Year 1682. All the 
Elements agree, and nothing ſeems to contra- 
dict this my Opinion, befides the Inequality of 
the Periodic Revolutions. Which Inequality 
is not ſo great neither, as that it may not be 
owing to phyſical Cauſes. For the Motion of 
Saturn is ſo diſturbed by the reſt of the Planets, 
eſpecially Jupiter, that the Periodic Time of 
that Planet is uncertain for ſome whole Days to- 
gether. How much more; therefore will a Co- 
met be ſubject to ſuch, like Errors, which riſes 
almoſt four Times higher than Saturn, and whoſe 
Velocity, tho' encreaſed but a very little, would 
be ſufficient to change its Orbit, from an Ep 
tica 
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tical to a Parabolical one. - And I am the more 


confirmed in my Opinion of its being the fame; 


for, that in the Year 1456, in the Summer-Time, 
a Comet was ſeen paſſing retrograde between 
the Earth and the Sun, much after the ſame Man- 
ner: Which, tho' nobody made Obſervations 
upon it, yet, from its Period, and the Manner of 
its Tranſit, I cannot think different from thoſe 
J have juſt now mention'd. And ſince looking 
over the Hiſtories of Comets, I find, at an equal 
Interval of Time, a Comet to have been ſeen a- 
bout Eaſter in the Year 1305, which is another 


double Feriod of 151 Years before the former. 
Hence, I think, 1 may venture to foretel, that it 


will return again in the Year 1758. And, if it 
ſhould then ſo return, we ſhall have no Reaſon to 
doubt but the reſt may return alſo: Therefore 
Aſtronomers have a large Field wherein to exer- 
ciſe themſelves for many Ages, before they will 


be able to know the Number of theſe many and 


great Bodies revolving about the common Cen- 
ter of the Sun, and to reduce their Motions to cer- 
tain Rules. I thought, indeed, that the Comet, 
which appear'd in the Year 1532, might be the 
ſame with that obſerv'd by Hevelius in the Year 
1661. But Ap/ar's Obſervations, which are the on- 


ly ones we have concerning the firſt of theſe Co- 


mets, are too rude and inaccurate for any thing 


of Certainty to be drawn from them, in ſo nice a 


Matter. Burt, as far as Probability from the Equali- 


ty of Periods, and ſimilar Appearance of Comets, 
may be urged as an Argument, the late wondrous 


Comet of 1685. ſeems to have been the ſame, 
which was ſeen in the Time of our King Henry I. 
Anno 1106, which began to appear in the Weſt 
about the Middle of February, and continued 


for many Days after, with ſuch a Tail as was 


Eeee 3 ſeen 
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ſeen in that of 1685. And again, in the Con- 


ſulate of Lampadius and Oreſtes, about the Year 
of Chriſt 531, ſuch another Comet appeared in 


the Weſt, of which Malela, perhaps an Eye-Wit⸗ 
neſs, relates that it was wizas & go%:efgy 4 great 
and fearful Star ; that it appeared in the Weſt, 


and emitted upwards from it a long white Beam ; 


and was ſeen for 20 Days. Ir were to be wiſh'd 
the Hiſtorian had told us what Time of the Year 
it was ſeen ; but, tis however plain, that the 
Interval, between this and that of 1106, js nearly 
equal to that between 1106 and 1687, vi. about 
575 Years. And, if we reckon backward ſuch 
another Period, we ſhall come to the 44th Year 


before Chriſt, in which Julius Cæſar was mur- 


der'd, and in which there appear'd a very re- 
markable Comet, mentioned by almoſt all the 
Hiſtorians of thoſe Times, and by Pliny in his 
Natural Hiſtory, lib. 11. c. 24. who recites the 
Words of Auguſtus Cæſar on this Occaſion, which 
lead us tothe very Time of its Appearance, and 
its Situation in the Heavens. Theſe Words be- 
ing very much to our Purpoſe, it may not be a- 
miſs to recite them. In ipſis Ludorum meorum die- 
bus, ſydus crinitum per ſeptem dies, in regione Colt 
que ſub Septentrionibus, eſt conſpectum. Id orieba- 
tur circa undeci mam horam diei, clarumq; & omni- 
bus terris conſpicuum fuit. Now theſe Ludi were 
dedicated Veneri genetrici, (for, from Venus the 
Cæſars would be thought to be deſcended, and 
began with the Birth-day of Auguſtus, viz. Sept. 
23. (as may be collected from a Fragment of an 
old Roman Calendar extant in Eruter, pag. 135.) 
and continued for 7 Days, during which the Co- 
met appeared. Nor are we to ſuppoſe, that it was 
ſeen only thoſe 7 Days, but, poſſibly, both before 
and after. Nor, are we to interpret the Words 
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ſub Septentrionibus, as if the Comet had appeard 
m the North, but that it was ſeen under the Sep- 


tem triones, or brighter Stars of Ur/a major. And 


as to its Riſing, Hora undecima diei, it can no 


ways be underſtood, unleſs the Word diei be left 


out, as it is by Suetonius; for it muſt have been 
very far from the Sun, either to riſe at five in the 
Afternoon, or at eleven at Night; in which Ca- 
fes it muſt have appear'd for a long Time, and 
its Tail have been ſo little Remarkable, that it 
cou'd by no Means be call'd, clarum & omni- 
bus Terris conſpicuum Sydus. But ſuppoſing this 
Comet to have traced the ſame Path with that 
of the Year 1680, the aſcending Part of the Orb 
will exactly repreſent all that Auguſtus hath ſaid 
concerning it; and is yet an additional Argu- 
ment to that drawn from the Equality of the 
Period. Thus *tis not improbable, but this Co- 
met may have four Times viſited us at Intervals 
of about 575 Years: Whence the tranſverſe 
Diameter of its elliptic Orb will be found 
v3 575X575 Times greater than the annual Orb; 
or 138 Times greater than the mean Diſtance 
of the Sun; which Diſtance, tho* immenſely 
great, bears no Proportion to that of the Fix'd 
Stars. | 

I have lately found out a ready Method to 
compute the Motion of Comets in theſe ellip- 
tic Orbs, of which, perhaps ſhortly, we may ex- 
hibit a Specimen, giving this Comet for an Ex- 
ample. In the mean Time, thoſe that deſire to 
know how to conſtruct Geometrically the Orb of 


a Comet, by three accurate Obſervations given, 


may find it at the End of the third Book of Sir 
Iſaac Newton's Principles of Natural Philoſophy, 
entituled, De Hemate Mundi, in the Words of 
its renowned Inventor. Which have ſince been 
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ſeen in that of 1682. And again, in the Con- 


ſulate of Lampadius and Oreſtes, about the Year 
of Chriſt 531, ſuch another Comet appeared in 
the Weſt, of which Malela, perhaps an Eye-Wit- 
neſs, relates that it was wizes x a:3:e859 4 great 
and fearful Star ; that it appeared in the Weſt, 
and emitted upwards from it a long white Beam; 
and was ſeen for 20 Days. Ir were to be wiſh'd 
the Hiſtorian had told us what Time of the Year 
it was ſeen ; but, tis however plain, that the 
Interval, between this and that of 1106, is nearly 
equal to that between 1106 and 1685, vg. about 
575 Years. And, if we reckon backward ſuch 
another Period, we ſhall come to the 44th Year 


before Chriſt, in which Fulius Czſar was mur- 
der'd, and in which there appear'd a very re- - 


markable Comet, mentioned by almoſt all the 
Hiſtorians of thoſe Times, and by Pliny in his 
Natural Hiſtory, lib. 11. c. 24. who recites the 
Words of Auguſtus Ceſar on this Occaſion, which 
lead us to the very Time of its Appearance, and 
its Situation in the Heavens. Theſe Words be- 
ing very much to our Purpoſe, it may not be a- 
miſs to recite them. In ipſis Ludorum meorum die- 
bus, ſydus crinitum per ſeptem dies, in regione Colt 
que ſub Septentrionibus, eſt conſpectum. Id orieba- 
tur circa undecimam horam diet, clarumq;& omnui- 
bus terris conſpicuum fuit. Now theſe Ludi were 
dedicated Veneri genetrici, (for, from Venus the 
Cæſars would be thought to be deſcended, and 
began with the Birth-day of Auguſtus, viz. Sept. 
23. (as may be collected from a Fragment of an 
old Roman Calendar extant in Gruter, pag. 135.) 
and continued for 7 Days, during which the Co- 


met appeared. Nor are we to ſuppoſe, that it was 


ſeen only thoſe 7 Days, but, poſſibly, both before 
and after. Nor, are we to interpret the Words 


ſub 
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Jub Septentrionibus. as if the Comet had appeard 
in the North, but that it was ſeen under the Sep- 


tem triones, or brighter Stars of Ur/a major. And 
as to its Riſing, Hora undecima diei, it can no 


ways be underſtood, unleſs the Word diei be left 
out, as it is by Suetonius; for it muſt have been 


very far from the Sun, either to riſe at five in the 
Afternoon, or at eleven at Night; in which Ca- 
fes it muſt have appear'd' for a long Time, and 
its Tail have been ſo little Remarkable, that it 
cou'd by no Means be call'd, clarum & omni- 
bus Terris conſpicuum Sydus. But ſuppoſing this 
Comet to have traced the ſame Path with that 
of the Year 1680, the aſcending Part of the Orb 


will exactly repreſent all that Auguſtus hath ſaid 


concerning it; and is yet an additional Argu- 
ment to that drawn from the Equality of the 
Period. Thus *tis not improbable, but this Co- 
met may have four Times viſited us at Intervals 
of about 575 Years: Whence the tranſverſe 
Diameter of its elliptic Orb will be found 
v3 575x575 Times greater than the annual Orb; 
or 138 Times greater than the mean Diſtance 
of the Sun; which Diſtance, tho* immenſely 
great, bears no Proportion to that of the Fix'd 
Stars. 

I have lately found out a ready Method to 
compute the Motion of Comets in theſe ellip- 
tic Orbs, of which, perhaps ſhortly, we may ex- 
hibir a Specimen, giving this Comet for an Ex- 
ample. In the mean Time, thoſe that deſire to 
know how to conſtruct Geometrically the Orb of 
a Comet, by three accurate Obſervations given, 
may find it at the End of the third Book of Sir 
Iſaac Newton's Principles of Natural Philoſophy, 
entituled, De Syemaie Mundi, in the Words of 
its renowned Inventor. Which have ſince been 
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904 ASYNOPSIS of be 
more. fully explained by my very worthy Col- 
legue, Dr. Gregory, in his learned Work of 

Aftronomia Phyſica & Geometrica.” 

One Thing more, perhaps, it may not be im- 
proper or unpleaſant to advertiſe the Aſtrono- 
mical Reader; I hat ſome of theſe Comets have 
their Nodes ſo very near the annual Orb of the 
Earth, that if it ſhall ſo happen, that the Earth 
be found in the Parts of her Orb, next the Node 
of ſuch a Comet, whilſt the Comet paſſes by; 
as the apparent Motion of the Comet will be 
incredibly ſwift, ſo its Parallax will become 
very ſenſible; and the Proportion thereof, to 
that of the Sun, will be given. Wherefore ſuch 
Tranſits of Comets do afford us the very beſt 
Means, tho' they ſeldom happen, to determine 
the Diſtance of the Sun and Earth: Which hi- 
therto has only been attempted by Mars, in his 
Oppoſition to the Sun; or elſe Venus in Peri- 
gæo, whoſe Parallaxes, tho' triple to that of the 
Sun, are ſcarce any Ways to be perceived by 
our Inſtruments; whence we are ſtill in great 


Uncertainty in that Affair. This Uſe of Comets 


was the ingenious 'Thought of that excellent Ge- 


ometrician Mr. Nicolas Fatio. Now the Comet of 


1472, had a Parallax above twenty Times great- 


er than the Sun's. And if the Comet of 1618, 


had come down, about the Middle of March, 


to his deſcending Node; or if that of 1684, 


had arrived a little ſooner at its aſcending Node, 
tbey would have been yet much nearer the 
Earth, and conſequently have had more notable 
Parallaxes. But hitherto none has threaten'd the 
Earth with a nearer Appulſe, than that of 1680. 
For by Calculation I find, that Novemb. 11, Ih, 
6', P. M. that Comet was not above the Semi- 
diameter of the Sun, to the Northwards of the 
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Way of the Earth. At which Time, had the 


Earth been there, the Comet would have had a 


Parallax equal to that of the Moon, as I take it. 
This is fpoken to Aſtronomers: But what might 
be the Conſequences of ſo near an Appulſe; or 
of a Contact, or laſtly, of a Shock of the cœle- 
ſtial Bodies, (Which! is by no Means impaſſible 


to come to paſs,) I leave to be diſcuſs d by the 


Studious of phyſical Matters. 
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